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DISSERTATION ABSTRACT 
The sounds of Amblvcorvpha parvipennls Stâl katydid 
males consist of sequences of 4-5 s phrases consisting of an 
average of 24 phonatomes (20-25Oc). Phonatomes consisting 
of 3-4 pulse trains generated during a single wingstroke, 
were produced at average rates of 4.5-5.5/s. Adjacent 
singing males alternate and overlap phrases and, where 
phrases overlap, phonatomes are synchronized. A. 
parvipennis females produce ticks which fall between male 
phonatomes. Trials in which paired chorusing males were 
recorded at intermale distances of 3.3 m and 40 cm with and 
without a ticking female present revealed that female 
presence elicited an increase in phrase rate and overlap and 
a decrease in phrase interval. In contrast, shortening the 
distance between males in the absence of a female elicited a 
reduction in phrase rate and overlap and an increase in 
phrase interval. The increase in phrase interval and 
reduction in phrase overlap when males are moved closer 
together in the absence of a female is explained by enhanced 
inhibition that the phrase of one katydid has on the phrase 
production of his chorusing partner. The increase in phrase 
rate and phrase overlap in the presence of a female may be a 
byproduct of the two males competing acoustically for the 
female or as indicated in a study on male competition, for a 
singing site. Another study involving two-choice 
vi 
discrimination tests, demonstrated that females moved to 
louder males and males that produced longer phrases, and 
that females tick more in response to the male they 
eventually move toward. A further study involving two-
choice discrimination tests using computer-generated male 
calls also demonstrated female preference for loud calls, 
calls having long phrases, and calls containing phrases that 
did not overlap the ends of other phrases. It was also 
shown that females prefer phrase beginnings to endings and 
prefer phrases with fast phonatome rates similar to the rate 
at a phrase's beginning. Apparently, singing males compete 
to avoid overlapping the portion of their phrase that is 
most attractive to the female. The roles of the above male 
and female acoustic attributes in sexual selection are 
discussed. 
1 
GENERAL INTRODUCTION 
Dissertation Organization 
The subject of this dissertation is the acoustic and 
reproductive behaviors of the bush katydid Amblvcorypha 
parvipennis Stâl, with reference to the operation of sexual 
selection in this species. Three manuscripts of published 
papers and one manuscript of a paper to be submitted have 
been included as a large portion of this work. The 
manuscripts deal separately with 1) a description of the 
acoustic behavior of &. parvipennis. 2) the relation of male 
and female acoustic parameters to female phonotaxis 3) the 
role of some male song parameters in eliciting female 
phonotaxis and phonoresponse as determined using two-choice 
computer-playback experiments and 4) the effects of female 
presence and distance between males on the acoustic behavior 
of A. parvipennis. 
The manuscripts are preceded by a general introduction 
that includes this explanation of dissertation organization 
and a review of chorusing behavior and the subject of sexual 
selection and how it may operate in singing Orthoptera. 
Immediately following these manuscripts are three short 
sections dealing with the methods and results of experiments 
performed in order to examine male competition for singing 
sites, male mate choice and male singing persistence. The 
final section of the dissertation will be a general summary 
2 
that presents my ideas concerning the operation of sexual 
selection in this species. The general introduction and the 
general summary also serve as the introduction and 
discussion for the three short sections. References cited 
in the general introduction, general summary and the three 
short sections follow the general summary. 
Sexual Selection in Singing Orthoptera 
Charles Darwin (1871), in an attempt to explain the 
existence and evolution of maladaptive male characteristics 
proposed the process of sexual selection. Darwin recognized 
that the elaborate sexual behaviors and costly male 
ornamentation found in many species must serve to increase 
male reproductive success even though they may be 
detrimental to survival. 
Sexual selection can be viewed as a subcategory of 
natural selection which deals exclusively with 
characteristics that are only useful in the context of 
influencing variation in reproductive success among males. 
Sexual selection operates in two ways: 1) intersexual 
selection involves the members of one sex, usually females, 
choosing between members of the opposite sex based on one or 
more attributes and, 2) intrasexual selection involves the 
members of one sex, usually males, competing with one 
another for access to members of the opposite sex. 
3 
Animal populations often exhibit great variation among 
individuals in reproductive success. The variation in 
reproductive success is usually greater in males. Bateman 
(1948) recognized that the difference in variation in 
reproductive success between males and females could be a 
product of sexual selection. In general, a male's 
reproductive success is limited by the number of matings 
that he can secure and not by the number of gametes that he 
can produce. In, contrast, females produce relatively few 
large, costly gametes and their reproductive success is 
limited by the number of these gametes that they can produce 
and not by the number of matings that they can secure. 
The reproductive success of females will vary less than 
that of males as each female will likely mate and produce 
similar numbers of offspring. The reproductive success of 
males will vary to a much greater degree as some males in a 
population may mate many times more than others, and each 
male has the potential to fertilize many more eggs than any 
one female could produce. Because eggs are a limiting 
resource for males, Bateman argued that males should compete 
for access to females and females should choose among males. 
Trivers (1972) added to Bateman's argument by pointing 
out that, in general, female animals offer greater parental 
contributions than males after mating. This parental 
contribution can be called parental investment, which 
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Trivers defined as any contribution to an offspring that 
reduces the contributors potential to produce further 
offspring. Trivers reasoned that parental investment by 
either sex would tend to result in the lower investing sex 
competing to mate with the higher investing sex. 
The acoustic behaviors of many singing insects serve as 
exceptional examples of the apparently maladaptive traits 
whose evolution is likely the result of sexual selection. 
Many singing insect species exhibit a form of acoustic 
behavior called 'chorusing.' Chorusing is the singing of 
two or more conspecific males for relatively long periods of 
time, during which there are statistically significant 
temporal interactions involving the acoustic signals of 
neighbors (Greenfield and Shaw 1983). 
Chorusing may be categorized into a number of types 
based on the nature of the acoustic interaction between 
neighboring males. Greenfield and Shaw (1983) divided 
choruses into five categories; unison chorusers, unison 
bout chorusers, synchronizers, alternaters and complex 
chorusers. Unison and unison bout chorusers do not show 
rhythmic relationships between adjacent males. Unison 
chorusers sing throughout the chorusing period with males 
dropping in and out at irregular intervals. Unison bout 
singers sing and are silent in bouts of irregular length. 
Chorusing types which do involve rhythmic relationships 
5 
between the calls of adjacent males involve synchrony, 
alternation or some relatively consistent pattern of 
overlapping of song units. 
Greenfield and Shaw (1983) categorized A. parvipennis 
as a complex choruser. The sounds produced by A. 
parvipennis are very unique in that males tend to alternate 
4-5 s phrases separated by 3-4 s phrase intervals, and where 
these phrases overlap, phrase subunits (phonatomes) are 
synchronized. The nature of male singing in A. parvipennis 
is influenced by several factors including whether males are 
singing solo or chorusing, how far apart chorusing males 
are, and whether a receptive female is present. 
Furthermore, there is variation between males in a number of 
acoustic factors including phrase overlap phenomena which 
may be related to male competition and/or female mate 
choice. 
Receptive A. parvipennis females also produce sounds 
(ticks) in response to the sounds of singing males 
(phonorespond). These ticks are produced in such a way as 
to fall between male phonatomes. Females may not respond 
equally to all singing males and this differential 
phonoresponse may be related to female preference for 
certain male song characteristics. 
The unique sounds of A. parvipennis and the nature of 
the male-male and male-female acoustic interactions in this 
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species have not been described and the functions of the 
male chorusing behavior and the female acoustic behavior 
have yet to be ascertained. Paper 1 (The acoustic behavior 
of A. parvipennis (Orthoptera: Tettigoniidae)) will serve 
to describe the sounds produced by both males and females of 
this species. 
Orthopteran choruses are examples of active aggregation 
in which the chorusing insects exhibit positive phonotaxis 
to the conspecific call. Two primary hypotheses exist that 
attempt to explain what benefits are obtained by individuals 
within choruses. The first may be called the 'enemy 
avoidance hypothesis' and the second deals with sexual 
selection within choruses (Greenfield and Shaw 1983). 
Hamilton (1971) proposed that individuals occupying 
centralized locations within aggregations might afford 
greater protection from predators. Aggregations might also 
saturate the appetites of predators and/or allow more 
effective detection of predators. It has also been 
suggested that the signals of chorusing males may serve to 
confuse phonotactically orienting enemies (Walker 1969, Otte 
1977). However, no evidence from insects supports the enemy 
avoidance hypothesis (Greenfield and Shaw 1983). 
Being a member of a chorus may be adaptive if females 
choose to mate only with males in aggregations. If females 
choose between males based on relative criteria, females may 
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prefer aggregations of males so as to allow them to assess 
male characteristics and choose between males based on these 
characteristics (Alexander 1975). 
The sexual selection hypothesis for the function of 
chorusing behavior has received much attention and various 
male acoustic attributes have been implicated as important 
in intersexual selection. Several studies have shown female 
preference for louder calls (Cade 1979; Forrest 1980, 1983; 
Gwynne 1982; Bailey 1985; Galliart and Shaw 1991), and 
longer calling bouts (Hedrick 1986). Bailey (1985) and 
Latimer and Sippel (1987) also have demonstrated female 
discrimination between males based on call frequency 
characteristics. 
Prior to Galliart and Shaw (1991) and the papers 
presented in this dissertation, only Busnel (1967) has 
examined the relationship between the acoustic interaction 
between chorusing males and mate choice. Busnel studied 
three species of katydids of the genus Ephippiqer in which 
adjacent males tend to alternate production of phrases. In 
paired interactions, the male that initiated more calling 
bouts and sang more phrases during calling bouts attracted 
more females. Mating success trials have been performed 
using A. parvipennis in which females were allowed to listen 
to and interact with a pair of singing males prior to mating 
with one of the males (Galliart and Shaw 1991). An ANOVA 
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performed on this data demonstrated a significant 
interaction between male mating success and female presence 
(male acoustic interaction was recorded both with and 
without a ticking female present) for the number of times a 
male overlapped the ends of his rivals phrases. Males which 
were successful in achieving copulation overlapped the ends 
of their rival's phrases more often than vice-versa in the 
absence of a ticking female and less often than vice-versa 
in the presence of a ticking female. These differences in 
phrase overlap numbers were just short of significance at 
p=0.05 (female absent; t=-1.94, p=0.070, two-tailed test; 
female present; t=2.02, p=0.055, two-tailed test). 
It is difficult to determine whether the male 
parameters related to male mating success and/or female 
preference are involved in female choice, male competition 
or both. In many cases, the presence of female choice may 
be masked by the effects of intrasexual selection. In order 
to demonstrate female choice one needs to be able to rule 
out the effect of male competition. Only then would clear 
evidence exist that female behavior had been modified during 
evolution in order to cause mating with males possessing 
particular genotypes (Partridge and Halliday 1984). 
It is also difficult to demonstrate the importance of 
individual male attributes in mate choice when paired males 
generally exhibit different levels of many attributes. The 
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experiments presented in paper 2 (The relation of male and 
female acoustic parameters to female phonotaxis in the 
katydid Amblvcorvpha parvipennis) and paper 3 (The role of 
some parameters of conspecific male song in eliciting 
phonotaxis and phonoresponse in the katydid Amblvcorvpha 
parvipennisl each seek to solve these problems. In both 
papers female preference is determined using female 
phonotaxis (which male she moves toward) rather than male 
mating success. This removes the confounding effects of 
many male attributes that could play roles in male 
competition such as male weight, size, fighting ability and 
courting persistence. If it can be shown that females use 
all or some of the parameters that have been shown to 
influence male mating success (Galliart and Shaw 1991) in 
determining phonotaxis, females could also use these 
parameters in mate choice. In paper 3, the females are 
presented with computer-generated male calls. This allowed 
me to vary individual acoustic parameters while holding 
other acoustic parameters constant, and to determine 
definitely the importance of several acoustic parameters in 
eliciting female phonotaxis. 
Evidence from several orthopterans demonstrates the 
importance of chorusing phenomena in male competition for 
females and/or singing sites. Laboratory observations of 
pairs of Pterophvlla camellifolia males have shown that 
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males that initiate calling bouts and sing more phrases 
during alternation retain singing sites (Shaw 1968), and 
field observations of pairs of Neoconocephalus nebrascensis 
males have shown that males which initiate synchronized 
phrases 100-200 msec before followers retain singing sites 
(Meixner and Shaw 1986). 
Paper 4 (The effect of intermale distance and female 
presence on the nature of chorusing by paired Amblvcorvpha 
parvipennis [Orthoptera: Tettigoniidae] males), while 
continuing to describe chorusing in A. parvipennis. attempts 
to determine which acoustic attributes are related to male 
acoustic competition in this species. If males chorus 
differently when moved closer together or when in the 
presence of a ticking female, the changes observed may 
expose which acoustic attributes play roles in male acoustic 
competition. Furthermore, the section of the dissertation 
dealing with male competition for singing site will attempt 
to determine if any acoustic parameters are related to 
singing site retention 
As mentioned previously, Trivers (1972) argued that the 
sex investing the least in the offspring would compete for 
access to the sex investing the most in the offspring. 
Generally this would result in males competing for access to 
females and females choosing among males. However, the 
males of many singing katydids produce highly proteinaceous 
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external spermatophores which are transferred to the female 
during copulation. Females consume these spermatophores 
following mating and Gwynne (1984) demonstrated that the 
weight of spermatophores consumed by females was positively 
correlated to female fecundity and the weight of the eggs 
manufactured by a female. Simmons (1990) demonstrated, for 
one tettigoniid species, that spermatophore nutrients can be 
incorporated into the female's eggs within 24 to 48 hours, 
allowing males to invest, via spermatophores, in eggs that 
they also fertilize. Clearly, spermatophores can serve as a 
nuptial gift and apparently even as a form of male parental 
investment. 
In a previous study we demonstrated that the weight of 
spermatophores produced by parvipennis males is 
significantly and positively correlated to the males' body 
weights (Galliart and Shaw 1991). Females could use male 
body weight as an indication of the size of a male's 
spermatophore and thereby choose to mate with heavier males; 
in fact, male weight is an apparently important factor in 
male mating success in A. parvipennis (Galliart and Shaw 
1991) and many other singing Orthoptera (Gwynne 1982, 1983; 
Forrest 1983; Simmons 1986a, b). 
Mormon cricket males produce spermatophores which 
represent 25% of their body weight. Gwynne (1981) 
demonstrated in these katydids that males exercise choice 
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between females and mate significantly more often with 
heavier females. Since heavier females also produce more 
eggs, these males choosing heavier females manage to 
fertilize a greater number of eggs. A. parvipennis males 
also produce large spermatophores which comprise an average 
of 12% of their body weights. The cost of this 
spermatophore production is expressed by males refraining 
from singing for 1-5 days following spermatophore extrusion 
(Galliart and Shaw 1991). Whether A. parvipennis males 
exercise mate choice will be addressed in one section of 
this dissertation. 
A typical courtship scenario in A. parvipennis would be 
as follows. A. parvipennis males produce songs which serve 
to attract females. Females may be attracted preferentially 
to calls exhibiting various characteristics. The calls of 
the males may also function in intermale spacing and both 
male competition for females and/or singing sites. 
Receptive females respond acoustically to the calls of males 
and this response serves to attract males to the female. As 
will be discussed in papers 2 and 3, females do not 
phonorespond equally often during the calls of different 
males. 
Since both sexes produce sound, it is not uncommon for 
two or more males to encounter a phonoresponding female. 
When this happens, females may mount one or more of the 
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males while the males continue singing. The males will 
often push and kick one another while courting the female 
and when the female mounts a particular male, other males 
will attempt to push the female off the given male. At this 
point, females may choose between males based on physical 
and/or acoustic factors. 
During A. parvipennis courtship, the females phonotaxis 
may be influenced by various attributes of the male call. 
This may be the result of female choice and/or male acoustic 
competition. Upon encountering males, females may mate more 
often with certain males based upon male physical and/or 
acoustic parameters. Again, the mating outcome may be the 
result of female choice and male acoustic or physical 
competition. Male acoustic characteristics may also affect 
how often a female phonoresponds during a male's call. If 
females can be shown to phonorespond disproportionately more 
often to male calls that they also prefer phonotactically, I 
believe that this may represent an example of active female 
choice. The frequency of the female's phonoresponse to a 
given male's call may also influence whether a male moves 
toward the receptive female or continues singing from his 
site. 
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PAPER 1. ACOUSTIC BEHAVIOR OF AMBLYCORYPHA PARVIPENNIS 
(ORTHOPTERA: TETTIGONIIDAE). 
15 
ABSTRACT 
The sounds made by Amblvcorvpha uarvlpennis Stâl 
(Tettigoniidae: Phaneropterinae) consist of sequences of 
phrases produced at rates of 7-9/min with phrases 4-5 s long 
consisting of an average of 24 phonatomes (20-25Oc). 
Phonatomes consisting of three or four pulse trains 
generated during a single wingstroke were produced at 
average rates of 4.5-5.5/s. Adjacent singing males 
alternate and overlap phrases and, where phrases overlap, 
phonatomes are synchronized. Although males of several 
phaneropterine species alternate production of phrases and 
one species has been reported occasionally synchronizing 
lisps, no other Orthopteran is known to alternate overlapped 
phrases and synchronize phonatomes. Male song phrase 
intervals are longer during paired chorusing than when males 
sing alone; this suggests that phrase alternation is the 
result of one male being inhibited during most of the phrase 
of a singing katydid. Phaneropterine females typically 
produce single short sounds ("ticks") at species-identifying 
intervals of 17-1,130 ms following male phrases. Females of 
A. parvipennis are unique in producing an average of 3.2 
ticks per male phrase (range: 1-17; mode: 1) and in ticks 
falling in between the phonatomes of male phrases. The only 
or last female tick usually falls just before (49%) or after 
(46%) the last phonatome of a male phrase. Sequences of 
16 
female ticks fall in between male phonatomes and ticks are 
initiated an average of 120 ms following initiation of the 
previous male phonatomes. Male phonatome synchrony may have 
evolved in order that females could time their responses and 
males could perceive female responses. 
KEY WORDS: Insecta, chorusing, acoustic behavior, 
Phaneropterinae 
17 
INTRODUCTION 
Insect choruses consist of spatially aggregated males 
whose temporally aggregated song has been described as 
"statistically significant temporal interaction involving 
the acoustic signals of neighbors" (Greenfield and Shaw 
1983). Chorusing can involve synchronous or alternate 
production of song phrases by two or more males, or males 
simply singing during the same time period without rhythmic 
relationships of sound components between or among males 
(unison or unison bout singing) (Fig. 1). Males of 
Amblvcorvpha parvipennis Stâl are unique among chorusing 
Orthoptera in that adjacent males alternate phrases and 
synchronize phonatomes where phrases overlap (Fig. 1). 
Alternation of phrases with infrequent overlap has been 
reported for a number of Orthopteran species [e.g., 
Ephippiaer bitterensis (Finot): Busnel et al. 1956; 
Pholidoptera crriseoaptera (DeGeer) : Jones 1966; Pterophylla 
camellifolia (F.): Shaw 1968; Chorthippus brunneus 
(Thunberg): Young 1971; Lea floridensis (Beutenmuller): 
Greenfield and Shaw 1983]. However, these species produce 
relatively short phrases (85-250 ms.; 20-27°C) and intervals 
(600-2020 ms) that are 3-20 times longer than their phrases. 
In contrast, A. parvipennis males produce phrases (e.g., 
4500 ms) which are longer than their intervals (e.g., 3500 
Figure 1. Chorus types of singing Orthoptera. 
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ms) with both phrases and intervals being longer than those 
of non-overlapping alternaters (Greenfield and Shaw 1983). 
Some Orchelimum (Tettigoniidae: Conocephalinae) species 
produce phrases as long or longer than A. parviuennis with 
intervals that are considerably shorter (Alexander 1956, 
Feaver 1977). When a conspecific male intrudes upon another 
male's singing territory, the males may adopt a relatively 
consistent alternating of overlapping phrases; however, 
synchrony of phonatomes has not been reported (Feaver 1977). 
Among all the singing Orthoptera, synchrony of phonatomes 
has only been reported for Platvcleis intermedia (Serville), 
(Samways 1976), a species that also synchronizes phrases. 
Like other species of the subfamily Phaneropterinae, A. 
parvipennis females produce short "ticks" which attract 
sexually responsive males. Phaneropterine females typically 
respond to conspecific males by ticking at a species-
specific interval following a male's phrase (Spooner 1968, 
Heller and Helversen 1986). Our listening records suggest a 
different response pattern for A. parvipennis females. 
Phonatome synchrony of A. parvipennis was first 
reported by Fulton (1928, 1934). Overlapping alternation of 
phrases was reported by Shaw et al. (1981). We have not 
found any published reports on the nature of the acoustic 
response of A. parvipennis females. The purpose of this 
study was to analyze the sounds of A. parvipennis males and 
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females, the nature of male chorusing, and acoustic 
interaction between males and females. 
22 
MATERIALS AND METHODS 
We have been recording the sounds of parvinennis 
since 1978. Most of the data utilized in this study came 
from recordings made during the summers of 1983-1986. 
Katydids were collected from approximately the last 
week in June until the first week in August from a prairie 
preserve bordering the west side of Ames High School, Ames, 
Iowa. The insects were housed in wire-mesh cages (10 x 10 x 
18 cm) and maintained in the laboratory or Percival 
environmental chambers (Boone, lA) on a 16L;8D regime and at 
23OC. Food (chicken starter feed and leaves of wild grape 
rvitis sp.] or horsemint [Mentha lonaifolia (L.)]) and water 
(in small, cotton-plugged vials) were provided ad libitum. 
All sound recordings were made in an acoustic isolation 
chamber (4.6 x 5.3 x 2.4 m) (Industrial Acoustics Co., Inc., 
Bronx, NY). Recordings of male solo songs were made with a 
Precision Data PI-6204 instrumentation recorder (Santa 
Clara, CA) and a Bruel & Kjaer (B & K) 0.6 (4 Hz - 100 kHz) 
or 1.3 (4 Hz - 40 kHz) cm microphones (Cleveland, OH). 
Male-male and male-female acoustic interactions were 
recorded with a pair of GC Electronics #30-2374 microphones 
(Taiwan) and a Sony TC-6300, stereo tape recorder (Sun 
Valley, CA). Since A. parvipennis males sing at night, all 
recordings were made at very low light levels (just 
sufficient for the investigator to move around the room) 
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utilizing a rheostat-controlled 1000 W lamp (Hub Electric 
Co., Chicago, IL) covered with red celluloid. 
Temporal and frequency parameters of the songs were 
determined from Physiograph tracings (model 4B, Narco 
Biosystems, Inc., Houston, TX), oscillograms (Grass, model 
C4-12 Kymograph camera, Quincy, MA; Tektronix, model 5110 
and 5111 storage oscilloscopes, Beaverton, OR), sonagraphs 
(Kay 7029A Sonagraph, Princeton, NJ) and printouts from a 
B&K, type 2033, frequency analyzer. Accurate upper level 
frequency measurements were limited to 40 kHz. Sonograms 
were made from solo songs recorded with the 0.6 cm B&K 
microphone. Although the amplifying system (Tektronix type 
122 in conjunction with a Tektronix type 160A power supply) 
was not linear above 40 kHz, sound frequencies up to 128 kHz 
were recorded with the 0.6 cm B & K microphone (Fig. 2B). 
The recordings used for frequency analysis with the B&K, 
type 2033 frequency analyzer, were made with the 1.3 cm B&K 
microphone and there was little reproduction of frequencies 
above 40 kHz (Fig. 4). Temporal song parameters and phase 
relationships of chorusing male pairs were determined 
utilizing a Commodore 128 computer (Westchester, PA) and a 
specially-designed tape recorder-computer interface and 
software. Sound level measurements were made with a B&K, 
type 2203 sound level meter equipped with a type 1613 octave 
filter set. 
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In order to determine the relationship of wing strokes 
to phonatome structure, singing males were photographed at 
110 frames/s using an Airflex 16 mm camera (Elmsford, NY) 
with an Angenieux 10-150 mm zoom lens (Paris, France). 
Three Lowell omni-lites (650 W each) (New York, NY) were 
focused on a singing male. The films were viewed with a 
Kodak Pageant projector (model AV-126-T12) (New York, NY) at 
18 frames/s. 
All specimens used in this study were labeled and 
placed in the collection of the Iowa State Museum of 
Entomology, Department of Entomology. 
25 
RESULTS 
Solo Song 
Phonatomes. 
Analysis of wing movement during sound production by 
slow motion photography indicated that each multi-pulsed 
unit (Fig. 2) was the result of a single wingstroke and, 
therefore, could be termed a phonatome. Each phonatome 
consists of three or four pulse trains and the pulses ("any 
sound that seems unitary..."; Alexander 1967) in the pulse 
trains correspond to toothstrikes (Morris and Walker 1976) 
(Fig. 2). The first two or three pulses trains are the 
result of the scraper striking one to five file teeth, 
whereas the last pulse train is considerably longer 
consisting of 10 to 24 toothstrikes (each toothstrike 
produces a highly damped sound wave) (n = two phrases from 
13 different males) (Fig. 2). Each progressive pulse train 
is longer with the last pulse train approximately three 
times the length of the preceding one (x ± S.E. for lengths 
[1] and intervals [i] between successive pulse trains [PT] 
from solo calling songs of A. parvipennis males; PTl no. 1, 
5.98 ± 1.44 ms; PTi no. 1, 15.56 ± 2.20 ms; PTl no. 2, 8.85 
± 2.39 ms; PTi no. 2, 14.97 ± 2.58 ms; PTl no. 3, 13.76 ± 
4.10 ms; PTi no. 3, 12.96 ± 4.68 ms; PTl no. 4, 36.70 ± 2.67 
ms; n = 10 phonatomes selected from the beginning, middle, 
and end of one phrase for eight katydids.) 
Figure 2. Temporal and frequency characteristics of 
phonatomes of the calling song of A. parvipennis 
males. Temp. - 24-250c. A - oscillograms of 
phonatomes from two different males; B - sonagram 
of male phonatome. 
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Phonatome lengths and intervals averaged 105.9 + 10.5 
and 111.6 + 13.3 ras respectively (x + S.E. for 8 katydids, 
10 phonatomes from 1 phrase/katydid; phonatomes sampled from 
beginning, middle and end of phrase; 20-22°C). Phonatome 
rate averaged 4.5-5.5/s over a temperature range of 20-25Oc 
(Table 1). Phonatome rate was not constant throughout the 
length of a phrase but usually increased after phrase 
initiation and slowed near the end of the phrase (Fig. 3). 
Phrases. 
Phrases consisted of an average of 24.1 + 4.2 
phonatomes (x + S.E. for 12 katydids, 10 phrases/katydid) 
whereas means for individual katydids ranged from 17.6-31.5 
and individual phrases for all katydids contained from 14-46 
phonatomes. Phrase length averaged 3.9 and 5.4 s with 
intervals shorter than phrases resulting in mean periods of 
7.1 s (24-250C) and 8.7 s (20-22OC) (Table 1). This 
converts to phrase rates of 6.9/min and 8.5/min 
respectively. Occasionally, a male produced an 
exceptionally long phrase (e.g., 9-10 s, 21^0) or short 
intervals (e.g., 2.5 s, 22°C). 
Frequency. 
The mean principal or dominant frequency determined 
from male solo calling songs was 10586 + 1643 ms (x + S.E., 
n = 50, frequencies determined from one representative 
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TABLE 1. Comparison of temporal parameters (x + SE) of 
solo songs and songs produced during paired singing of A. 
parvioennis males. 
Phrase length, s 
Year Temp 
Solo Chorusing t n 
1984-85 
1986-87 
20-22 
24-25 
C 
C 
5.235 
±0.793 
3.864 
±0.523 
5.362 
+0.763 
3.861 
+0.436 
-0.52 
0.03 
20 
46 
Year Temp 
Phrase interval, s 
Solo Chorusing t n 
1984-85 
1986-87 
20-22 
24-25 
C 
C 
3.461 
±0.985 
3.221 
±0.554 
4.165 
±1.008 
3.960 
±0.686 
-2.23* 
-5.68*** 
20 
46 
Year Temp 
Phrase period, s 
Solo Chorusing t n 
1984-85 
1986-87 
20-22 
24-25 
C 
C 
8.696 
±0.894 
7.085 
±0.539 
9.527 
+0.890 
7.821 
±0.543 
-2.94*** 
-2.41** 
20 
46 
Year Temp 
Phonatome rate / s 
Solo Chorusing t n 
1984-85 
1986-87 
20-22 
24-25 
C 
C 
4.568 
+0.349 
5.579 
±0.491 
4.539 
±0.349 
5.584 
±0.366 
0.22 
-0.05 
20 
46 
, P=0. 05, **, P=0. 01, ***, P=0. 001. 
Figure 3. Chorusing of two A. parvipennis males placed 3.34 m apart 
in an acoustic chamber. A - beginning and end of each 
male's phrases overlapped by phrases of other male; B -
only beginning or end of a male's phrase overlapped by 
phrases of other male. Temp. 24-25°C. 
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phrase from each male). Like many tettigoniids, the raucous 
sound of A. parvinennis males usually consists of a 
continuous band of frequencies reaching beyond 100 kHz (Fig. 
2B). The frequency spectra were quite variable among males. 
Some males showed a gradual decline in frequency amplitude 
for frequencies higher than the dominant frequencies; others 
showed one to four higher frequency amplitude peaks which 
approximated harmonics of dominant frequencies (Fig. 4). 
Mean ± S. E. values for frequency amplitude peaks higher 
than the dominant frequencies were as follows: peak 2, 
19,242 ± 2,438 (n = 40); peak 3, 28,606 ± 4,078 (n = 28); 
peak 4, 36,356 ± 3,515 (n = 6); peak 5, 45,502 ± 3,273 (n = 
2)(frequencies determined from one representative phrase for 
each male). 
Male Chorusing 
If one stands between two males in the field or in the 
laboratory, it is apparent that the males tend to alternate 
phrases. A male frequently initiates its phrases before the 
other male terminates its phrases, and the two males 
synchronize their phonatomes where phrases overlap (Fig. 
3A). An analysis of chorusing by nine pairs of katydids 
(30-40 phrases/interaction) yielded the following mean 
percentages of types of overlap; 1) phrases overlapped on 
beginning or end - 70.1% (range - 21.2 - 93.8%) (Fig. 3B), 
2) phrases overlapped on both ends - 25.6% (range - 0 -
Figure 4. Frequency spectra of solo calling songs of 
tjarvipennis males. A - single peak amplitude; B -
two peaks; C - three peaks; D - four peaks. 
FREQUENCY IN kHz 
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78.8%) (Fig. 3A), and 3) no overlap - 4.4% (range - 0 -
12.5%). As the ranges indicate, the percentage of overlap 
was quite variable between katydids within a chorusing pair 
and between pairs. Phrase phase relationships during a 
paired interaction could be quite variable or sequences of 
consistent differences in phase relationships could also 
occur (Fig. 3B). Although the average overlap was 1.4 s 
(Fig. 5A), overlap occurred most frequently during the first 
or last 1.0 s of a katydid's phrase (Fig. SB). Also, when 
overlap did not occur, the interval between the end of one 
katydid's phrase and the beginning of the phrase of the 
other katydid was usually very short, averaging 0.4 s (Fig. 
SA). 
When males switched from soloing to chorusing, 
phonatome rate and phrase lengths did not change (Table 1). 
However, phrase intervals lengthened resulting in longer 
periods (Table 1) and therefore slower phrase rates. 
On six occasions while listening to the acoustic 
interaction of two A. parvioennis males, one male suddenly 
changed to a softer, more tick-like song. This represents 
less than 1% of interactions to which we have listened. One 
such interaction was recorded and we examined the sounds on 
the storage oscilloscope. In addition to reduced amplitude, 
the last pulse train of each phonatome consisted of only 
Figure 5. Mean and distribution frequency of temporal 
parameters during chorusing by pairs of A. 
parvipennis males. A - mean temporal parameters; B 
- frequency distribution of temporal parameters. 
Temp. 20-22OC. Pu - unlapped portion of chorusing 
male's phrase; Pq - portion of male's phrase 
overlapped by phrase of other male; PI - phrase 
interval; PL - phrase length (=Pu+Po)• 
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four-to-five toothstrikes, i.e., similar to the penultimate 
pulse train of some males (Fig. 2A). 
Female Sounds 
Like other phaneropterine species, A. parvipennis 
females produce short sounds (ticks) in response to male 
phrases (Spooner 1968, Heller and von Helversen 1986). 
Female ticks are produced by rubbing together knobs and 
spines distributed over much of the lower and upper surfaces 
of the wings (Fulton 1933). The result is ticks showing 
considerable variation in length (x + S.D. = 25.8 + 11.8 
ms; n = 25 ticks, 5 ticks from 5 females) (Fig. 6) and in 
number of ticks (Fig. 7). 
Male-female Acoustic Interaction 
Females typically produce ticks during male phrases and 
female ticks fall between male phonatomes 96% of the time 
(Fig. 7). Of 251 ticks produced during 77 male phrases, 
only 11 ticks overlapped male phonatomes. Since phonatome 
intervals are approximately the same length as phonatomes, 
females singing independently from males should overlap male 
phonatomes approximately 50% of the time. Six of the 
overlapping ticks were produced by the same female which 
produced exceptionally long ticks (e.g., left oscillogram in 
Fig. 6) initiated just prior to male phonatome initiation. 
The interval between the beginning of a male phonatome and 
the beginning of a following female tick averaged 120.3 ± 
Figure 6. Sounds of parvipennis females. Temp. 24-25°C. 
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Figure 7. Acoustic interaction of male and female A. 
parvipennis. Temp. 24-250c. A - last female tick 
occurs before last male phonatome; B - last female 
tick occurs after last male phonatome. 
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13.7 ms (x + S.E.) (n = 60, 10 measurements from each of 
six females; temp - 24-25°C). The number of female 
ticks/male phrase was variable, averaging 3.2 ± 2.92 
ticks/phrase with a range of one to 17. The modal tick 
number was one, occurring 26% of the time. Ticks occurred 
immediately before or after the male's last phonatome 75% of 
the time (before: 38/77 = 49% [Fig. 7A]; after: 28/77 = 
36%; before and after; 8/77 = 10% [Fig. 7B]). Occasionally 
females produced ticks at the same rate as males produced 
phonatomes resulting in an alternating pattern (Fig. 7B). 
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DISCUSSION 
Phaneropterine songs range from sequences of simple 
phonatomes through a range of songs of varying complexity 
culminating in the song of Amblvcorvpha uhleri Stal, the 
most complicated song produced by any Orthopteran species 
(Alexander 1956, Walker 1972). According to Alexander 
(1956) and Spooner (1968), phaneropterine songs consist of 
two basic types of pulses or pulse trains, "ticks" 
consisting of one to a few toothstrikes, and "lisps" 
consisting of a large number of toothstrikes. 
It is not uncommon among sound-producing Orthoptera for 
opening wingstrokes to produce no sound or short, sometimes 
soft, ticks and closing wingstrokes to produce longer and 
frequently louder pulse trains or lisps (Dumortier 1963). 
Walker's (1975) analysis of Neoconocephalus (Tettigoniidae: 
Conocephalinae) sounds verified the production of 1 or 2 
pulse trains during simple open-close wing cycles; however, 
Walker's and other studies (Morris and Pipher 1972, Walker 
and Dew 1972) showed that males of some species produce 
multiple pulse trains generated during 2-8 hesitations 
during wing closure. Thus, A. parvioennis' production of 3-
4 pulse trains per wingstroke is not unique. In fact, 
another phaneropterine, uhleri produces a phonatome type 
that also consists of 3-4 pulse trains per wingstroke 
(Walker and Dew 1972). 
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Regular synchrony or alternation of sound components by 
uniformly spaced conspecific males appears to be uncommon 
among the Phaneropterinae. Males of Microcentrum 
rhombifolium (Saussure) and Amblvcorvpha oblonaifolia (De 
Geer) alternate short phrases (0.10 and 0.18 ms) and 
relatively long intervals (2.61 and 2.97 ms; 23° and 26 °C); 
however, alternation may be a result of chance (Shaw 1968). 
Spooner (1968) describes alternation of lisps and ticks for 
a number of species, but these probably represent aggressive 
interactions occurring only at close range. Consistent 
overlapping phrase alternation is unique to &. parvipennls 
and the only other report of phonatome synchrony involved 
occasional synchrony of males of Scudderia curvicada (De 
Geer) housed in a laboratory in close proximity (Spooner 
1968). 
Phrase alternation in other alternating katydids is the 
result of one male being inhibited from singing during the 
phrase of a nearby male (Jones 1966, Shaw 1968, Samways 
1976, Latimer 1981). Inhibition also appears to be involved 
in phrase alternation by A. parvipennis males. In analyzing 
chorusing of A. parvipennis males and the response of males 
to computer-generated phrases. Smith (1986) found that 
intervals between male phrases were longer when an 
artificial sound or the sound of another katydid occurred 
during the interval than when no sound occurred during a 
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phrase period or only occurred during the katydid's phrase. 
Phrase inhibition during overlapping alternation probably 
explains why phrase intervals are longer during paired 
chorusing than during solo calling (Table 2), 
It has been suggested that synchrony of song units by 
adjacent males may be achieved and maintained by one of two 
mechanisms. An anticipatory (Buck and Buck 1968) or 
homepisodic (Walker 1969) mechanism is involved when one 
male cues on the initiation of the concurrent phrase of 
another male. A male also might time the interaction of its 
phrases on the initiation or termination of prior song units 
of another male, a mechanism termed anticipatory (Buck and 
Buck 1968) or proepisodic (Walker 1969). Walker (1969) 
analyzed synchrony of pairs of the snowy tree cricket, 
Oecanthus fultoni Walker and suggested that only a 
proepisodic mechanism could produce such a rapid rate. 
Snowy tree cricket males produce phrases at approximately 
2.5/s (25OC, Walker 1969) and intervals between initiations 
of synchronized phrases averaged 27 msec. 
Recent studies of male-female response times of 
phaneropterines have indicated intervals between initiation 
of male and female phrases of 20 msec or less (Heller and 
Halverson 1986, Robinson and Rheinlander 1986) and 
Greenfield (1988) reports intervals of 10-30 msec between 
phrase initiations of Neoconocetahalus spiza Walker and 
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Greenfield males after several seconds of silence. These 
recent results suggest that Q. fultoni males might be 
capable of a homoepisodic mechanism of synchrony. 
Phonatome rates of A. parvipennis males averaged 4.5 -
5.5 s (20 - 25°C) and phrase initiation phase differences 
averaged 32 msec. Smith (1986) suggested that synchrony of 
phonatomes in A. parviuennis is proepisodic because males 
initiate some phrases by starting their first phonatome 
before the concurrent phonatome of their acoustic partners. 
In the analysis of alternation and synchrony of pairs 
of males for some katydid species, males have been 
designated "leaders" and "followers." Leaders typically 
spend more time singing per unit time (i.e., expend more 
energy) than followers. Leaders in alternating chorusing 
sing more phrases/unit time and may sing at a faster rate 
while soloing (Busnel et al. 1956, Jones 1966, Shaw 1968) 
and preferentially attract females (Busnel 1967). In the 
synchronizing katydid, Neoconocephalus nebrascensis 
(Bruner), leaders, in addition to always initiating 
synchronous phrases, produce longer phrases and also sing at 
a faster rate during chorusing (Meixner and Shaw 1986). As 
indicated in Fig. 3B, an A. parvipennis male does not always 
overlap the end of the phrases of its chorusing partner. In 
a study of mate choice, Galliart and Shaw (in prep.) found 
that females chose males that "outcompeted" their chorusing 
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partners by initiating more phrases after the end of their 
partners* phrases more frequently than vice-versa. These 
leader males also produced longer phrases, shorter intervals 
between solo phrases, and sang louder. Thus, competitor 
males and choosy females have a number of cues to utilize in 
decision making during mate competition. 
The rare but distinctive reduction in song intensity by 
A. parvipennis males is an enigma. Variation in song 
intensity is characteristic of phaneropterine males (Spooner 
1964, 1968). Reduction in sound intensity may serve to 
reduce male competition for females. Because female 
phaneropterines produce acoustic responses in response to 
songs of conspecific males, it is not uncommon for several 
nearby singing and/or silent males to approach a ticking 
female. Scudderia texensis males may produce a softer sound 
after perceiving a ticking female. The softer sound 
apparently inhibits female ticking and may serve to make it 
difficult for competitor males to locate the female (Spooner 
1964, Otte 1977). Spooner also reports low intensity songs 
for Inscudderia strigata (Scudder) males at times of low 
acoustic activity. Many males of the field cricket, Grvllus 
integer Scudder, produce soft calling sounds during the 
hours around sunrise. Cade (1979) suggests that since 
females no longer show directional orientation and positive 
phonotaxis to long-distance calling songs at this time, the 
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soft sounds may serve to sexually arouse nearby females and 
reduce the possibility of attracting parasitoid flies. The 
rarity of the soft ticking sound of A. parvipennis males 
makes it difficult to assign to it any of the above 
functions, namely: 1) reducing competition from nearby 
males, 2) attracting nearby sexually receptive females, or 
3) reducing likelihood of attack by phonotactically positive 
parasitoids. 
Phaneropterine females respond to male calling phrases 
at specific intervals which identify the species of the 
female and elicit phonotaxis by the male (Alexander 1967, 
Spooner 1968, Haller and Helverson 1986, Robinson and 
Rheinlander 1986). These acoustic response times range from 
< 20-1130 ms. A. parvipennis male-female response time is 
approximately 120 ms. However, females of A. parvipennis 
are unique in that female responses fall between the 
phonatomes of male phrases with the most frequent responses 
falling before the last phonatome. Female ticks did occur 
after the last male phonatome but only in 46% of the phrases 
examined. 
The characteristic of female ticking between phonatomes 
and male overlapping phrases suggests that males synchronize 
phonatomes in order that females can clearly perceive male 
phonatomes and males can perceive female ticks. It is 
possible that there may be a competitive aspect to phonatome 
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synchrony, e.g., males attempting to initiate phonatomes 
first or to end last (Greenfield, in press). Whatever the 
adaptive significance of phonatome synchrony, its 
maintenance is important to male &. parvipennis. Smith 
(1986), in attempting to analyze the acoustic response of A. 
parvipennis males to computer-generated signals, found that 
males stopped singing if overlapped by signals which did not 
synchronize with their phonatomes. 
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PAPER 2. THE RELATION OF MALE AND FEMALE ACOUSTIC 
PARAMETERS TO FEMALE PHONOTAXIS IN THE KATYDID, 
AMBLYCORYPHA PARVIPENNIS. 
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ABSTRACT 
Adjacent males of Amblvcorvpha parvipennis Stâl 
alternate 4-5 s phrases. Phrases of different males overlap 
frequently and, where overlap occurs, phrase subunits are 
synchronized. Females "tick" in response to male phrases 
and males move to ticking females. In previous two-choice 
discrimination tests, in which males were free to move to 
ticking females, females preferentially mated with louder 
and heavier males and males that were more successful in 
initiating phrases without overlap. The current study 
involved two-choice discrimination tests in which females 
moved to sound-producing, caged males. We suggested that if 
females use the same parameters in determining phonotaxis, 
these parameters would be implicated in female mate choice. 
The results were that females moved to louder males, males 
that produced longer phrases, and males that overlapped 
their competitors' phrases for a shorter period of time then 
vice-versa. Since movement to louder males may indicate a 
mechanism by which females move toward larger (= louder) 
groups of males, we have provided no convincing evidence for 
female mate choice. The finding that females tick more in 
response to the male they eventually move toward uncovers 
another potential signal for the mating game. 
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INTRODUCTION 
Although the males of a number of species of singing 
Orthoptera chorus (i.e., song components of adj acent 
individuals show temporal interaction such as alternation, 
synchrony, etc.; Greenfield and Shaw 1983), males of 
Amblvcorvpha parvipennis Stâl are unique chorusers. 
Neighboring males alternate 4-5 s phrases and most phrases 
are overlapped; where phrases overlap, phrase subunits 
(phonatomes) are synchronized (Greenfield and Shaw, 1983, 
Shaw et al. 1990). 
Male-female acoustic interaction also is unique. 
Phaneropterine females typically produce soft "ticks" at 
species-specific intervals following the ends of males' song 
phrases (Spooner 1968, Heller and von Helversen 1986). 
However, A. parvipennis females alternate varying numbers of 
ticks (x = 3.2 ± 2.92; range = 1-17 with the last tick 
typically occurring just before or after the last phonatome) 
with male phonatomes (Shaw et al. 1990). 
Differences in males' ability to chorus have been 
implicated as important in sexual selection (Alexander 1975, 
Otte 1977, Greenfield and Shaw 1983). However, only Busnel 
(1967) and Galliart and Shaw (1991a) have published 
experimental results which support this hypothesis. Busnel 
studied Ephippicrer provincialis. a species in which adjacent 
males alternate chirps (Busnel et al. 1956). The results of 
58 
her two-choice discrimination phonotaxis experiments 
indicated that approximately 65% of females were attracted 
to males that initiated more (65%) acoustic bouts than their 
competitor (Busnel 1967). Busnel also implied that the 
successful (termed dominant) males also produced more 
phrases during alternating bouts. In E. provincialis. the 
male that initiates calling bouts more frequently also 
intermittently sings two or more chirps before the 
alternating partner responds (Busnel et al. 1956). 
In our study (Galliart & Shaw 1991a), the experimental 
endpoint was not termination of female phonotaxis, but the 
initiation of copulation. Our experimental design was 
similar except that the two caged males and a centrally 
located caged female were released at the same time and the 
males moved toward the ticking female. The results of this 
study indicated that females preferentially initiated 
copulation with heavier and louder males and with males they 
had mounted more frequently (females typically mounted each 
male one or more times prior to accepting a male in 
copulation). Our 1991 results also suggested that females 
chose males that initiated more phrases that did not overlap 
the ends of their rival's phrases than vice-versa (Fig. 1). 
A repeated-measures ANOVA indicated a significant 
interaction between male mating success and female presence 
(male acoustic interaction was recorded with and without a 
Figure 1. Oscillographs of chorusing by paired A. parvipennis males. 
A - the initial part of the phrase of each male overlaps 
the latter part of the phrase of the other male. B - in 
this selection, katydid 2 overlaps katydid 1 but 1 does 
not overlap 2. a - indicates the time that the phrase of 
1 overlaps the phrase of 2. b - indicates the time that 
the phrase of 2 overlaps the phrase of 1. 
- a - PHRASE 
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ticking female present) for the number of times that the 
males overlapped one another's phrases. Eventual 
successfully mating males overlapped unsuccessful males more 
when the female was absent, but the situation was reversed 
when a ticking female was present, i.e., the successful 
males initiated more phrases free of overlap than the 
unsuccessful males (Fig. 2). Student t-tests indicated that 
these differences were close to statistical significance in 
the absence (p = 0.070) and presence (p = 0.55) of the 
female. 
If, like most singing Orthoptera, silent females moved 
to and copulated with, stationary, singing males, this would 
be evidence that A. parvioennis females are utilizing sound 
level and overlap number differences in male songs to choose 
mates. However, like many other Phaneropterinae (Grove, 
1959, Spooner, 1968), A. parvipennis males move to sound-
producing (ticking) females. In the proximity of a ticking 
female, males interact physically and continue to interact 
acoustically, while trying to mate with the female (Shaw et 
al. 1990). In this type of mating system, it is difficult 
to determine whether the male parameters implicated in 
mating success are involved in male competition, female 
choice, or both. 
During our mating success trials, we noted that some 
females would begin moving to one of the singing males if at 
Figure 2. Comparison of the mean number of times each of two 
chorusing males overlapped his chorusing partner 
when a sexually receptive ("ticking") female was 
absent and present. S MALE - male that eventually 
mated with female; U MALE - male that did not mate 
with the female. N = 24 
Number of rival male's phrases overlapped 
B ë è s 8 
T 1 \ r 
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least one of the males had not reached her within a given 
time period. We reasoned that, if we could show that 
females use all or some of the same parameters in 
determining which male to move toward, we would have 
evidence that females could use these parameters in mate 
choice. This paper reports the results of two-choice 
discrimination experiments, similar to those of Busnel 
(1967), in which the response measured was the cage to which 
the female moved and contacted. 
We also suspected that females may be communicating 
their choice of males. During our earlier two-choice 
discrimination tests, it appeared that females were ticking 
more in response to the phrases of one male than the other. 
Therefore, we measured the number of ticks that were 
associated with each male's phrases. 
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MATERIALS AND METHODS 
Subjects and Housing 
Specimens of A. parvipennis were collected from prairie 
areas north and west of Ames High School, Ames, lA. 
Individuals were collected at night from 21 June to 23 July 
in 1990 and from 20 June to 14 July in 1991. Females were 
located with difficulty by searching the tops of food plants 
with a flashlight. Some of the females and males were 
captured as nymphs and reared in the laboratory in Percival 
environmental chambers under a light regime of 14L:10D and a 
temperature of 24-25°C. Adult females were captured within 
10 days of the onset of male singing and were determined 
receptive (ticked in response to singing males) the day 
after capture. More males were captured as singing adults 
by moving toward their sounds and eventually spotting them 
with a flashlight. 
Males were individually marked using colored nail 
polish, housed separately in 10 x 10 x 17 cm. wire screen 
cages and placed around the laboratory which was maintained 
at the same light-dark and temperature regimes as the 
environmental chambers. Adult females were housed 
separately in coded 16 cm (h) x 13 cm (d) cylindrical 
cardboard and mesh cages in the environmental chamber. This 
setup served to isolate the sexes from the sounds of the 
opposite sex until they were used in a female phonotaxis 
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trial. All insects were fed leaves of horsemint or wild 
grape daily and provided with water in cotton-capped vials. 
Female Phonotaxis Experiments 
Females were allowed to listen to and acoustically 
interact with a pair of chorusing males, and then to choose 
between the males by moving to one of them. A pair of males 
was chosen for each trial by selecting two males singing in 
the laboratory and moving them into an acoustic isolation 
chamber (4.6 x 5.3 x 2.4 m; Industrial Acoustics Co. Inc.). 
A receptive female was then chosen by placing a tray holding 
the individual female cages in the laboratory of singing 
males and selecting a ticking female. We ran 25 trials (12 
in 1990 and 13 in 1991) using a different female and a 
different pair of males in each trial. Due to the 
difficulty in collecting females, we reused females to run 
34 additional trails (26 in 1990 and eight in 1991; four 
females used once, nine females used twice, 11 females used 
three times, and one female used four times). Because using 
females more than once violates the statistical criterion of 
independence required for ANOVA and Student's t-tests, the 
focus of our analysis is on the results of the initial 25 
trials. However, in the Discussion, we compare the results 
from the 59 trials with the results from the initial 25 
trials and with the results obtained in our earlier mating 
success experiments (Galliart and Shaw 1991a). In the reuse 
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trials, females were never exposed to the same male more 
than once; a different pair of males was used in each of the 
59 trials. 
All trials were performed in the acoustic isolation 
chamber at the same temperature (24-25°C) maintained in the 
environmental chambers. Caged males were placed 3.4 m apart 
(within the range of the most common nearest neighbor 
distances recorded in the field [Shaw et al. 1981]) at the 
ends of three tables placed end to end. After the males 
began to sing, 10-min recordings were made of the males 
chorusing, without and then with a sexually receptive 
(ticking) female (within a cylindrical screen cage 10 cm in 
diameter) placed midway between and equidistant from the two 
males. The singing males were recorded using two 
unidirectional dynamic microphones (GC Electronics, #30-
2374) each placed approximately 3 cm from the cage of each 
male and a Racal (Store 4 DS) 4-channel tape recorder. The 
ticks of the female during the second 10-min recording were 
recorded on a third channel of the tape recorder using a 
Bruel & Kjaer (B&K), type 4133, microphone; B&K, type 2615, 
microphone preamplifier; B&K, type 2801, power supply; 
Tektronix, type 122, preamplifier; and Tektronix, type 160A, 
power supply. 
Following the second 10-min recording, a 30-s recording 
was made of each male's song using the B&K microphone and 
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associated equipment. These recordings were used to 
determine if the songs of the male differed in frequency 
spectra. Frequency spectra were determined with a Uniscan 
II (Multigon Industries, Inc.) spectrum analysis system. 
Sonagraphs made with the Uniscan II were used to determine 
the upper and lower frequencies and the range of 
frequencies. The upper frequency of the recording equipment 
was 40 k Hz. 
After the 30-s recordings, sound intensity level was 
measured approximately 5 cm above each male's stridulatory 
apparatus. Maximum sound intensity levels were measured at 
frequency bands centered at 8 and 16 kHz using a B&K, type 
2203, precision sound level meter in conjunction with a B&K, 
type 1613, octave filter set. After completing the sound 
intensity measurements, the female was released from her 
cage. The trial was terminated when the female touched one 
of the male's cages. Following the trial all three katydids 
were weighed. 
The temporal parameters of each male's song and the 
phrase relationships of each pair of acoustically 
interacting males were determined using a Commodore 128 
computer in conjunction with a computer/tape recorder 
interface and computer software designed for the analysis of 
A. parvipennis songs. Oscillograms were made from the taped 
female's responses to the chorusing males using a Grass 
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Instruments Co., model C4-12 Kymograph camera and a 
Tectronix, model 5110 oscilloscope. 
Data Analysis 
Male success in eliciting female phonotaxis was 
examined in relation to male weight, sound level (8 and 16 
kHz), temporal sound parameters, phase relations of the 
sound phrases of the two chorusing males and the number of 
female ticks produced during a male's phrase. Noise on the 
tape prevented us from accurately determining the number of 
female ticks during the 13 trials performed in 1991. 
Temporal parameters included number of phrases, mean phrase 
length, mean phrase interval, mean phrase period (phrase 
length + phrase interval) and total sound produced (number 
of phrases x mean phrase length). Phrase phase 
relationships were determined by recording the number of 
phrase overlaps (the number of times that the beginnings of 
a katydid•s phrases overlapped the ends of his rival's 
phrases), the mean phase overlap time (the mean length of 
time that the beginnings of each katydid's phrases 
overlapped the ends of their rival's phrases; this did not 
include phrases that were not overlapped), total overlap 
time (phrase overlap number x mean phrase overlap time) and 
the percent of phrases overlapped (phrase overlap 
number/number of rival's phrases) (Fig. 1). Temporal sound 
parameters and phrase phase relationships were examined for 
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two conditions: chorusing without and with a ticking female 
in the acoustic chamber. 
Weight and sound level differences between males that 
were successful in eliciting female phonotaxis (successful 
males = Sms) and those that were not (unsuccessful males = 
Ums) were analyzed by one-tailed, paired-comparison 
Student's t-tests (based on our 1991 results (Galliart & 
Shaw 1991a), we formulated an initial hypothesis that 
females would move to heavier and louder males). The male 
acoustic parameter data were analyzed by use of the ANOVA 
shown in Table l. This method is an extension of that 
described by Cochran and Cox (1957). This ANOVA allows us 
to examine acoustic parameter data of successful males 
regardless of the presence of the female (F test on male 
success), the affect of the females presence on both males 
(F test on female presence) and any difference between Sms 
and Ums in their reaction to the presence of a ticking 
female (F test on male success x female presence). In the 
event of significant male success x female presence 
interactions, Sms and Ums were compared in the presence and 
absence of a female separately using Student's t-tests. 
The ANOVA was used to analyze the data for the 25 
trials involving first use of each female, the 59 trials 
involving reuse of females, and the 12 of the 25 initial 
trials in which sound level differences between Sms and Ums 
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TABLE 1. Sample ANOVA Table. Parameters connected by 
brackets were components of the same F-test. 
SOURCE df Mean Squares 
YEAR 1 0.0206 
TRIAL (YEAR) 23 2.1057 
MALE SUCCESS 1 15.3186 
YEAR*MALE SUCCESS 1 1.8415 
MALE SUCCESS*TRIAL (YEAR) 23 1.6225 
FEMALE PRESENCE 1 5.4275 
MALE SUCCESS*FEMALE PRESENCE 1 0.5955 
YEAR*FEMALE PRESENCE 1 0.0005 
YEAR*FEMALE PRESENCE*MALE SUCCESS 1 0.9932 
ERROR 46 0.7169 
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were 3 dB or less for measurements centered at both 8 and 16 
kHz. The latter analysis was performed to determine if 
phrase phase relationships were more important in 
determining phonotaxis when sound level differences between 
males were not great. 
Differences between Sms and Ums in the number of female 
ticks produced during their phrases and in frequency 
parameters were analyzed using a Chi-square test. Pearson's 
correlation coefficients were calculated for pairs of male 
song parameters and for male song parameters and number of 
female ticks. 
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RESULTS 
Louder, but not heavier, males were more successful in 
eliciting female phonotaxis (Table 2). The sound level 
difference between Sms and Urns was significant (p < 0.05) 
for the sound intensity measurement centered at 16 kHz and 
nearly so for the 8 kHz measurement (p < 0.06). Females 
also preferentially moved to males with longer phrases (Sm -
Um = 0.62 s, F = 5.14, df = 1, 99, p = 0.033) and phrase 
periods (Sm - Um = 0.56 s, F = 4.43, df = 1, 99, p = 0.046). 
Average phrase overlap was also related to female phonotaxis 
with Sms being overlapped for a longer time by their rivals' 
phrases than vice-versa (Sm - Um = -0.34 s, F = 5.23, df = 
1, 99, p = 0.032) . 
The correlation analysis (Table 3) indicated strong 
correlations between the measures of sound intensity and 
among phrase length, phrase period and mean phrase overlap. 
Sound level and mean phrase overlap are weakly but 
significantly negatively correlated, while sound level is 
not correlated with mean phrase length or phrase period. 
The number of female ticks was not correlated with any of 
the song parameters implicated in female phonotaxis. 
When the 12 trials in which male songs differed by 3 dB 
or less were analyzed, no song parameters were significantly 
related to female phonotaxis. However, there were two 
parameters which showed significant interactions between 
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TABLE 2. Comparison of mean differences (Sm - Um) in weight 
and sound level of A. parvipennis males that were successful 
(Sm) and unsuccessful (Um) in attracting females to their 
cages in two-choice discrimination tests. N = 25. 
PARAMETER Sm Um Sm - Um N P>T 
WEIGHT (g) 0.77 0.78 -0.01 2 NS 
S.I.-8 kHzB 72.40 69.50 2.90 2 .057 
S.I.-16 kHzb 73.36 69.86 3.50 2 .038 
®S.I.-8 kHz - sound intensity at 8 kHz filter band. 
bs.I.-16 kHz - sound intensity at 16 kHz filter band. 
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TABLE 3. Correlation matrix for parameters implicated in 
determining female phonotaxis. N = 25. 
Phrase Phrase Phrase 
S.I.-16 kHz Length Period Overlap 
S.I.-8 kHzC 0.9ia -0.11 -0.11 -0.29 
0.0001" 0.48 0.46 0.045 
S.I.-16 kHzC -0.01 —0.06 -0.30 
0.96 0.68 0.037 
Phrase Length 0.62 0.51 
0.0001 0.0002 
Phrase Period 0.42 
0.003 
^Pearson's correlation coefficients 
^p values 
°See table 2 
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female presence and mating success. Urns increased both the 
number of times they overlapped their rivals' phrases (F = 
6.70, df = 1, 47, p = 0.018) (Fig. 3a) and the percent of 
their rivals' phrases that they overlapped (F = 9.70, df = 
1, 47, p = 0.006) while both of their parameters remained 
unchanged for Sms (Fig. 3a). The difference between Sms and 
Ums is significant for both of these parameters in the 
absence of a female (overlap number: t = 2.69, df = 22, p < 
0.02; percent overlap; t = 2.83, df = 22, p < 0.01). 
In 11 of the 12 trials analyzed, females ticked more 
often during the phrases of Sms than Ums (Chi-square = 8.33, 
p < 0.005) (Table 4). Sms' and Ums' songs did not differ in 
minimal, maximal or range of frequencies. 
Table 5 affirms our earlier report (Galliart and Shaw 
1991b) that the presence of a ticking female has a marked 
affect on the singing behavior of both caged males. Males 
produced longer phrases, shorter phrase intervals and more 
total sound in the presence of a female. The nature of the 
acoustic interaction was also affected by the introduction 
of a female with males increasing the number and mean time 
of phrase overlaps, and total overlap time. 
Figure 3. Same as Fig. 2. a - data for trials in which sound 
intensity differences between the males was < 3 dB 
(n = 12); b - data for trials involving initial use 
and reuse of females. N = 59. 
Number of rival male's phrases overlapped Number of nval male's phrases overlapped 
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TABLE 4. Mean female clicks per 10 male phrases for 12 
trials in 1990. 
CLICKS DURING CLICKS DURING 
TRIAL WINNER'S PHRASE LOSER'S PHRASE Sm-Um 
1 8.6 10.1 -
2 18.9 10.0 + 
3 3.1 2.0 + 
4 34.1 4.9 + 
5 11.6 2.6 + 
6 7.4 6.0 + 
7 13.2 8.6 + 
8 15.1 4.6 + 
9 16.5 1.7 + 
10 21.7 6.6 + 
11 6.9 1.6 + 
12 32.4 8.6 + 
TABLE 5. Effect of female presence on male song parameters. 
Mean values are for both males. N = 25, df = 1. 
PARAMETER NO FEMALE FEMALE F P>F 
PHRASE NO. 71. 16 ± 9. 38 73. 42 + 10. 10 3. 08 .09 
PHRASE LENGTH 4. 83 + 1. 13 5. 30 + 1. 23 7. 36 .01* 
PHASE INTERVAL 3. 84 + 1. 01 3. 09 + 0. 99 31. 20 .0001* 
PHRASE PERIOD 8. 67 + 1. 32 8. 39 + 1. 20 2. 06 .16 
TOTAL SOUND 338. 43 + 53. 79 382. 25 + 56. 60 43. 48 .0001* 
OVERLAP NO. 44. 86 + 20. 16 51. 84 + 14. 13 10. 33 .002* 
PHRASE OVERLAP 1. 50 + 0. 69 2. 15 + 0. 89 53. 14 .0001* 
TOTAL OVERLAP 68. 86 + 49. 69 110. 00 ± 51. 36 48. 66 .0001* 
PERCENT OVERLAP 0. 64 + 0. 27 0. 72 ± 0. 23 7. 04 .01* 
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DISCUSSION 
Cur results indicate that females move toward the male 
with the louder song, longer song phrases and periods, and 
the male that overlaps his competitor's phrases for a 
shorter time than vice-versa. By moving toward louder males 
and/or males producing longer phrases, a female may be 
soliciting the more vigorous male, i.e., the male expending 
the more energy per unit time (Greenfield and Shaw 1983). A 
number of investigators have shown a positive relationship 
between male sound intensity and female phonotaxis for 
singing Orthoptera (Cade 1979; Forrest 1990, 1983, Bailey 
1985). Hedrick (1986) has shown that Grvllus integer 
females move to the conspecific male producing the longer 
calling bouts. 
Females also initiate copulation with louder males but 
the ANOVA in our mating success studies (Galliart and Shaw 
1991a) did not implicate phrase length. However, when we 
performed t-tests on the data, Sms produced significantly 
longer phrases when females were not present (Sm - Um = 0.33 
s, df = 23, t = 2.55, p = 0.009). Although mean phrase 
lengths of Sms were longer in the presence of a female, the 
differences were not significantly different. The failure 
of phrase length to be significant in male mating success 
may be a result of the confounding effect of male weight. 
Although females initiated copulation with heavier males 
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(Galliart and Shaw 1991a), our phonotaxis experiments failed 
to implicate male weight in affecting phonotaxis. 
Obviously, females cannot move to heavier males unless 
weight is correlated with a song parameter such as sound 
level or phrase length. Weight was weakly correlated with 
sound level in our mating success studies and in this study 
(S.I. S-kHz; r = 0.310, p = 0.032; S.I.-16-kHz: r = 0.357; p 
= 0.013) and was not correlated with phrase length in either 
study. Some other studies of phonotaxis of singing 
Orthoptera have indicated a correlation between male weight 
and sound level (Bailey and Thiele 1983, Forrest 1983, 
Walker 1983); others have not (Latimer and Sippel 1987). 
The results of this experiment gives little support for 
the hypothesis that females determine direction of 
phonotaxis using the same parameters that were shown to be 
important in mating success (Galliart and Shaw, 1991a). 
Only one parameter, sound intensity, was the same and the 
similar results could have different causes. In some 
species of Phaneropterinae, a female moves to within a 
certain distance of one or more males and then the females 
produce sounds which attract the males (Grove 1959, Spooner 
1968) to her. This preference for a higher sound level 
could be a mechanism for moving toward the largest (= 
loudest) group of singing males where female choice may 
occur. 
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In regard to the other male song parameters implicated 
in female phonotaxis, phrase period is very likely a 
reflection of females' preference for longer phrases; the 
mean difference in phrase period between Sms and Urns was 
similar (0.56 s) to that between mean phrase lengths (0.62 
s). Phrase period was not significant when we analyzed the 
59 trials involving reuse of females. 
The actual role of phrase phase relationships in intra 
and/or intersexual selection continues to be elusive. In 
our mating success studies, we suggested that the ability of 
males to avoid overlapping their competitors' phrases might 
have been a signal to either the competitor or the female 
that this was the "superior" male. However, there was no 
indication of a difference in phrase overlap number in this 
study. Instead, the mean time that successful males 
overlapped unsuccessful males' phrases was less than vice-
versa. These two measures could be viewed as similar in 
that the Sm is reducing its degree of overlap or its degree 
of increase in overlap which characterizes the singing of 
both males in the presence of a ticking female (Table 5). 
However, it is also possible that the statistically 
significant relationship between mean phrase overlap and the 
direction of female phonotaxis is a type II statistical 
error. This relationship was not significant when the 59 
trials involving female reuse were analyzed. Also, it is 
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difficult to imagine that females would be using a male 
character that is negatively correlated with sound level of 
male song (Table 3). 
In the mating success trials, the difference in phrase 
overlap number was the result of a reversal of who 
overlapped whom the most in the absence and the presence of 
a ticking female (Fig. 2). Although our analysis of the 25 
trials did not show such an interaction, the analysis of the 
12 trials in which male dB difference was < 3 dB did show a 
similar interaction, i.e., indicated a significant increase 
in overlap number (Fig. 3a), as well as an increase in the 
percentage of phrases overlapped for the unsuccessful male. 
The same results were achieved when all female trials (n = 
59) were analyzed (Fig. 3b). 
Since there was essentially no difference in number of 
phrases overlapped (Fig. 3) or in percentage of phrases 
overlapped in the n = 12 and n = 59 trials and the 
difference in overlap number was not quite statistically 
significant in the mating success studies, it is possible 
that females do not utilize this information. However, it 
also is possible that females might perceive the changes in 
phrase phase relationships if it occurs over a short period 
of time after she is introduced into the chamber. The 
finding that females tick more in response to the phrases of 
Sms than Urns supports the possibility of female choice. 
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It is also possible that males could use the 
information. If significant phrase phase differences occur 
in the absence of a female, males could use this 
information, as well as differences in sound level and 
phrase length, to establish a dominance-subordinance 
relationship which may eventually express itself. In 10 of 
the 24 trials in our mating success studies, one of the 
males failed to leave the cage. In several of the remaining 
cases, one of the males left the vicinity of the female and 
other male prior to initiation of copulation. 
The difficulties we have had in implicating phrase 
phase relationships in determining mating success and 
direction of phonotaxis are exacerbated by the difficulty in 
collecting A. parvipennis females. Because a number of 
parameters are used in determining mating success and 
phonotaxis, and because they are weakly correlated or not 
correlated at all (e.g., sound level and phrase length in 
Table 3), larger numbers of trials are demanded to reduce 
confounding effects of the multiple parameters. Currently 
we are utilizing computer-generated signals to perform the 
two-choice phonotaxis trials. This will enable us to vary 
one or two parameters while holding the others constant. In 
this way, we hope to clarify the females' use of male song 
parameters in phonotaxis and in mating success as well. 
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As in our earlier study, there is no evidence that 
females are utilizing frequency difference between males. 
In our mating success studies (Galliart and Shaw 1991a), we 
argued that A. parvipennis females did not have to depend on 
frequency attenuation over distance to compensate for the 
problem of differentiating between a softer, closer and a 
louder, more distant source because males move to the 
females. In this phonotaxis experiment, females may utilize 
intensity and frequency as they would if males were in close 
proximity. Whether frequency attenuation is utilized when 
females are differentiating between males or groups of males 
at greater distances is unknown. 
Using tape loops made from katydid phrases, Tuckerman 
(1990) found that females of the phaneropterine, Scudderia 
curvicauda. increased number of ticks as phrase length 
increased. Although A. parvipennis females obviously 
produced more ticks in response to Sms than Urns (Table 4) 
and Sms produced longer phrases than Urns, we could find no 
evidence that females were responding to phrase length. 
Again, this may be clarified with the use of computer-
generated signals. 
The evidence that females tick more in response to the 
male she eventually moves toward suggests another source of 
information for the mating game. In our mating success 
experiment (Galliart and Shaw 1991a), the males that failed 
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to leave their cages, or left the vicinity of the female and 
competitor male prior to copulation, may have received 
information concerning the female's choice. 
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PAPER 3. THE ROLE OF SOME PARAMETERS OF CONSPECIFIC MALE 
SONG IN ELICITING PHONOTAXIS AND PHONORESPONSE IN 
FEMALE AMBLYCORYPHA PARVIPENNIS. 
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ABSTRACT 
The katydid, Amblvcorvpha parvlpennis Stâl exhibits 
unique 'chorusing* behavior in which adjacent males 
alternate song phrases while frequently overlapping the end 
of a competitor's phrase, and where phrases overlap, phrase 
subunits (phonatomes) are synchronized. Males vary in their 
ability to avoid phrase overlap or 'lead' in the acoustic 
interaction, and our previous studies indicated that males 
most successful in leading in the acoustic interaction have 
higher mating success and attract more females. The current 
study involves presenting computer-generated paired male 
calls to females in order to examine the relationships 
between male call parameters and both female phonotaxis and 
phonoresponse. By using computer-generated calls we were 
able to verify the importance of individual acoustic 
parameters in eliciting female phonotaxis and phonoresponse 
without the confounding effects of variation among several 
acoustic parameters that occur when using singing males. We 
found that females moved toward louder calls, calls with 
longer phrases and calls comprised of phrases which did not 
overlap the ends of the phrases of the other call. We 
propose a hierarchy of importance of these three parameters 
in eliciting female phonotaxis, with sound intensity most 
important, followed by phrase length and then the acoustic 
interaction. We show that females prefer phrase beginnings 
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to endings and prefer phrases with a constant phonatome rate 
similar to the rate at a phrase's beginning. Apparently, 
singing males compete to avoid overlapping the portion of 
their phrase that is most attractive to the female. We also 
show that females phonorespond disproportionately more often 
during calls comprised of long phrases. The roles of these 
male attributes in inter and intrasexual selection are 
discussed. 
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INTRODUCTION 
AmblvcorvTaha parvinennis Stâl Is a flightless, 
phaneropterine katydid found in Iowa prairies. A. 
parvipennis is unique in the nature of male "chorusing." 
Chorusing may involve regularly repeated, temporal 
relationships, such as synchrony, alternation or overlapping 
between song units of adjacent males (Greenfield and Shaw 
1983) . A. parvipennis males overlap song phrases and where 
phrases overlap, phrase subunits (phonatomes) are 
synchronized (Fig. 1) (Greenfield and Shaw 1983, Shaw et al. 
1990). 
Characteristically, females in this subfamily produce 
short ticks at species-specific intervals following a male's 
phrase (Spooner 1968, Heller and von Helversen 1986). A. 
parvipennis females respond to the male song by producing 
"ticks" which fall between male phonatomes, possibly 
following phonatomes, rather than phrases at species-
specific intervals (Fig. 2) (Shaw et al. 1990). 
In the field, we suspect that A. parvipennis females 
approach singing males and, after moving to within a certain 
distance, begin to tick. Males then continue to sing and 
one or more males move to the vicinity of the female where 
they interact acoustically and physically. Physical 
interaction can involve pushing and kicking, crawling over 
one another, and even biting. Eventually, one or more males 
Figure 1. Oscillographs of chorusing by paired A. parvipennis males. 
A - the initial part of the phrase of each male overlaps 
the latter part of the phrase of the other male. B - in 
this selection, katydid 2 overlaps katydid 1 but 1 does 
not overlap 2. a - indicates the time that the phrase of 
1 overlaps the phrase of 2. b - indicates the time that 
the phrase of 2 overlaps the phrase of 1. 
-a- PHRASE 
Wi •m « Hi 
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B 
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Figure 2. Acoustic interaction of male and female 
parvipennls. Temp. 24-250c. A - four female 
responses; B - ten female responses. 
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court the female by stopping and singing, lowering the 
abdomen, raising the wings, and backing toward the female. 
She may mount one or more males one or more times. 
Data from two-choice discrimination trials performed in 
order to examine parameters related to male mating success, 
showed that females mated significantly more often with 
males that were heavier, louder and different from their 
rivals in the nature in which they overlapped one another's 
phrases (Galliart and Shaw 1991). Eventual "winners" 
decreased the number of times they overlapped their rivals 
phrases when a ticking female was introduced while "losers" 
increased the number of times they overlapped winners. This 
interaction between male mating success and female presence 
was significant (F=8.98; df=l,44; p<0.0045). We suggested 
that winners adjust their phrase rate in order to free the 
beginning segments of their phrases from being acoustically 
jammed by the ends of losers' phrases. Phrase beginnings 
may be more attractive to females (increase in sound level 
and rate of phonatomes occurs at this time) or the tendency 
to lead during the acoustic interaction may signal male 
dominance. 
Phrase length may also be involved in determining A. 
parvipennis mating success. When we analyzed the data from 
from the mating success study with t-tests, the results 
suggested that females also prefer males that produce longer 
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phrases in the absence of a female (p<0.04). Variation in 
sound frequency, phrase interval, number of phrases, phrase 
period, total sound produced, mean phrase overlap and total 
phrase overlap did not affect mating success (Galliart and 
Shaw 1991). 
Therefore, at least three acoustic factors (sound 
intensity, phrase overlap and phrase length) may be involved 
in the mating success of A. narvipennis males. These 
results come from two-choice discrimination experiments in 
which individual females were allowed to interact physically 
and acoustically with and choose between two males. These 
experiments are valuable because they simulate the 
conditions of mating in the field. However, as in most 
experiments dealing with mating success, the results do not 
allow us to determine whether the implicated acoustic 
factors are affecting male competition or female choice 
(Majerus 1986). Some of our experimental results suggest 
that male competition determines mating success. In some of 
the male mating success trials, one of the two males did not 
leave the cage and move to the ticking female. In other 
trials, one male would leave the vicinity of the ticking 
female prior to copulation (Galliart and Shaw 1991). Do 
differences in the implicated factors communicate one male's 
dominance to the other? 
101 
On the other hand, female A. parvipennis have 
considerable opportunity to utilize mate choice. Females 
typically spend hours repeatedly mounting both males and may 
spend many minutes during each mount repetitively pulling 
their abdomens away from the male thereby preventing 
genitalia engagement. In order to eliminate the confounding 
effects of differences in male weight, age, persistence, 
fighting ability, etc., we ran a series of two-choice 
discrimination experiments in which ticking females 
eventually moved to one of two caged singing males (Galliart 
and Shaw 1992). The results were that females moved to 
louder males, males with longer phrases, and males that 
overlapped their competitors' phrases for a shorter period 
of time than vice-versa. These data suggested that females 
may be utilizing some of this information in female choice. 
However, we do not know if females are responding to one or 
all of the parameters and if there is preferential response 
to certain magnitudes of individual parameters or 
combinations of parameters. 
Another factor that may be important to mating success 
is differential female acoustic response to the phrases of 
individual males. An analysis of 12 two-choice, phonotaxis 
experiments indicated that 11 of 12 females ticked more 
frequently during the songs of the males to whom they 
eventually moved (Galliart and Shaw 1992). This 
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information, along with any relative dominance information 
in the song of a competing male, may determine whether a 
male moves toward a ticking female. 
The objective of the present study is to determine the 
importance of each of these acoustic factors in attracting 
mates was to perform a series of playback experiments 
utilizing computer-generated simulations of male calls. In 
these experiments, different levels of each acoustic factor 
were presented to females simultaneously while holding all 
other factors equal and constant. We also examined 
differences in the amount of ticking by females in response 
to the phrases of the two different simulated male calls. 
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MATERIALS AND METHODS 
Subjects and Housing 
parvipennis females were collected from prairie 
areas north and west of Ames High School, Ames, lA from 29 
June to 7 July 1992. All individuals were collected at 
night by searching the tops of food plants with flashlights. 
Females were housed separately in coded 16 cm (h) x 13 cm 
(d) cylindrical cardboard and mesh cages which were kept in 
Percival environmental chambers under a light regime of 14 
L: 10 D and a temperature of 24-25°C. The insects were fed 
leaves of horsemint (Mentha lonaifolia) and wild grape 
(Vitus sp.) daily and provided with water in cotton-capped 
vials. 
Construction of Computer Generated Calls 
Several singing adult males were collected on 28 June 
1993. The following day these males were placed in an 
acoustic isolation chamber and samples of their calls were 
recorded using a Sound-FX Pro, sound-editing package. A 
single, four-second phrase was chosen from the sampled 
phrases and this phrase was used to construct all of the 
generated calls used in the various experiments (Table 1 ) .  
The chosen phrase length of four seconds was close to the 
previously reported mean chorusing phrase length of 3 . 8 6 1  +  
0.436 (X ± SE) (24-25°) (Shaw et al. 1990). The sound 
editing package used allowed us to construct a two-channel 
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TABLE 1. Sound levels and temporal characteristics of 
computer-generated signals used in two-choice discrimination 
tests involving female phonotaxis. 
Experiment dB Phrase 
(sec.) 
Interval 
(sec.) 
Overlap Response 
(sec.) (females) 
1 P 
1. Soft 70 4.0 2.2 0.9 4 .02 
Loud 75 4.0 2.2 0.9 15 
2. Long Phrase 75 4.0 1.0 0.5 15 .05 
Short Phrase 75 4.0 3.0 0.5 5 
3. Leader 75 4.0 3.3 0 16 .01 
Follower 75 4.0 3.3 1.8 4 
4. Loud/Long 75 4.0 1.0 0.5 19 .001 
Soft/Short 70 2.0 3.0 0.5 1 
5. Loud/Short 75 2.0 3.0 0.5 10 ns2 
Soft/Long 70 4.0 1.0 0.5 10 
6. Loud/lead 75 4.0 3.3 0 17 .01 
Soft/Follow 70 4.0 3.3 1.8 3 
7. Loud/Follow 75 4.0 3.3 1.8 13 ns 
Soft/lead 70 4.0 3.3 0 7 
8. Long/lead 75 4.0 2.1 0 19 .001 
Short/Follow 75 2.0 4.1 0.9 1 
9. Short/lead 75 2.0 4.1 0 0 .001 
Long/Follow 75 4.0 2.1 0.9 20 
^Numbers of females moving toward each call 
2p > 0.10 
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TABLE 1 (cont.) 
Experiment dB Phrase (sec.) 
Interval 
(sec.) 
Overlap Response^ P 
(sec.) (females) 
10. Short 
overlapper 
75 4.0 1.6 0.5 12 ns2 
Long 
overlapper 
75 4.0 1.6 2.0 8 
11. Phrase 
beginning 
75 2.9 5.2 0 14 .05 
Phrase 
end 
75 2.9 5.3 0 5 
12. Fast 
phonatome rate 
75 3.1 5.4 0 14 .001 
Slow 
phonatome rate 
75 3.3 5.2 0 0 
13. Phonatome 
rate constant 
75 4.1 5.9 0 9 ns 
Phonatome 
rate normal 
75 4.0 6.0 0 6 
^Numbers of females moving toward each call 
2 p  >  0 . 1 0  
106 
signal that could then be repeated any number of times using 
the package's tape loop option. 
The short phrases (2 s) used in experiments 2, 4, 5, 8, 
and 9 were constructed by removing every other phonatome 
period (phonatome plus phonatome interval) from the original 
four second phrase. This retained the normal changes in 
phonatome rate that occur within a phrase (Shaw et al. 
1990). We chose to present the females with calls which 
were so drastically different in phrase length because one 
of our previous studies (Galliart and Shaw 1991) failed to 
demonstrate a relationship between phrase length and male 
mating success. 
The length of the phrase overlap used in experiments 3, 
6 and 7 was similar to the mean phrase overlap in the 
presence of a female that we previously reported (Galliart 
and Shaw 1991). Other values of phrase overlap length were 
chosen so that at least 50% of each phrase was not 
overlapped. 
In most of the experiments the phrase interval was 
identical or nearly identical for the two calls. However, 
in experiments 2, 4, 5, 8 and 9 the phrase intervals were 
different for the two calls. This was necessary in order to 
maintain the constant and equal phrase overlap for the two 
calls when the phrase lengths were unequal. 
All calls were played at either 70 or 75 dB. These 
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values were similar to dB levels reported for males that 
were unsuccessful and successful in attracting females in 
our previous phonotaxis study (successful males: x = 73.36 
dB, unsuccessful males: x = 69.86 dB) (Galliart and Shaw 
1992) . 
The calls used in experiment 11 were constructed by 
retaining only the first 2.9 seconds of the original phrase 
for one call and the last 2.9 seconds of the original phrase 
for the other call. The calls in experiment 12 were 
constructed from a single phonatome period (.227 sec.) from 
the original phrase. The call with the slower phonatome 
rate was constructed by repeating the single phonatome 
period 15 times. The phonatome interval was then shortened 
slightly and this shorter phonatome period (.208 sec.) was 
repeated 16 times to serve as the call containing phrases 
with the faster phonatome rate. 
The call in experiment 13 with the constant phonatome 
rate was constructed by removing the shortest phonatome 
period (.191 sec.) from near the beginning of the original 
phrase and repeating that phonatome period 21 times. The 
other call in experiment 13 simply contained the original 
four second phrase. Smith (1986) described the changes in 
phonatome rate that occur within a phrase and demonstrated 
that the peak phonatome rates occur near the beginning of a 
phrase. In this experiment each call had the same peak 
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phonatome rate but only one call exhibited the normal 
changes in phonatome rate that occur within a phrase. 
Female Phonotaxis Experiments 
Females were allowed to listen to and acoustically 
respond to the paired computer-generated calls and then to 
choose between the calls by moving to one of the speakers. 
The trials were performed within the acoustic isolation 
chamber at the same temperature as the environmental chamber 
and the female was placed midway between a pair of Realistic 
super tweeter, high frequency speakers placed 3.4 m apart at 
the ends of three laboratory tables placed end to end. The 
sound intensity of each call was measured at 10 cm in front 
of each speaker at a frequency band centered at 16 kHz using 
a Bruel and Kjaer, type 2203, precision sound level meter in 
conjunction with a B&K, type 1613, octave filter set. The 
sound intensity was then set at each speaker by adjusting 
the volume of two Realistic, model MPA-45, P.A. amplifiers, 
each of which controlled a single speaker. The highest 
frequency produced by the sound editing package was 22 kHz 
and the frequency range of the P.A. amplifiers was 67-20,000 
Hz ± 3 dB. Therefore, the calls presented to the females 
contained the dominant frequency of 10,585 ± 1,643 Hz as 
reported by Shaw et al. (1990). 
The female was allowed to listen to the calls for 5 min 
prior to being released. During that period a 3 min 
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recording was made of the female's acoustic response to the 
calls. A unidirectional dynamic microphone (GC electronics, 
#30-2374) was placed in front of each speaker while female 
ticks were recorded with a B&K, type 4133, microphone (in 
conjunction with a B&K, type 2615, microphone preamplifier; 
B&K, type 2801, power supply; Tektronix, type 122, 
preamplifier; and Tektronix, type 160A, power supply). Each 
trial was terminated when the female touched one of the 
speakers. The time it took the female to move to a speaker 
was recorded for each trial. 
Twenty females were used in these experiments. Each 
female was to be used once in each experiment, however, some 
females died before they were used in all of the 
experiments. The order in which experimental trials were 
performed was randomized and females were not used in more 
than one trial on a given day. 
Data Analysis 
Female phonotactic discrimination was examined using 
chi-square tests. An ANOVA was performed in order to see if 
the time taken by females to reach a speaker varied between 
experiments involving various levels of sound intensity, 
phrase length, and the leader-follower interaction (1-9)and 
a Duncan's multiple range test was used to compare pairs of 
experiments. 
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In order to determine the numbers of female ticks 
produced during the generated calls, oscillographs were made 
of the 3 min recordings of the female's responses to the 
generated calls. These oscillographs were made only for 
those experiments in which females demonstrated significant 
phonotactic discrimination (Table l). The oscillographs 
were made using a Grass, model C4-12, kymograph camera and a 
Tektronix, model 5110, oscilloscope. The numbers of female 
ticks produced during the calls that females moved toward 
(more popular calls) and the numbers of ticks produced 
during the calls that females did not move toward (less 
popular calls) were tallied. It was then determined, for 
each experiment, how many females ticked more often during 
the popular call and how many females ticked more often 
during the less popular call. The female's acoustic 
discrimination was then examined using binomial tests. In 
those experiments where one call was made of long phrases (4 
s) and the other was made of short phases (2 s), the number 
of female ticks during the call with long phrases was 
divided in half in order to see if females were ticking 
disproportionately more or less often in response to either 
call. In all experiments in which the calls overlapped, 
female ticks produced during the overlap period were 
assigned to both calls. 
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RESULTS 
As detailed in Table 1, females moved significantly 
more often to louder calls, calls having longer phrases and 
calls which did not overlap the ends of the other call 
(leader calls). As could be expected, females also moved 
toward loud calls with long phrases more often than soft 
calls with short phrases, leader calls that were loud more 
often than follower calls that were soft, and leader calls 
with long phrases more often than follower calls with short 
phrases. Females also moved more often to follower calls 
with long phrases than leader calls with short phrases. 
Also, calls comprised of phrase beginnings or phrases with 
fast phonatome rates attracted more females than calls 
comprised of phrase endings or phrases with slower phonatome 
rates. 
There was significant variation between females in the 
amount of time it took to reach a speaker (F=10.35, p<.0001) 
and between experiments (F=3.25, p<.0019). However the 
multiple range test indicated significant differences (p < 
0.05) between only the experiment which took, on average, 
the longest amount of time and the five experiments which 
took the shortest amounts of time (Table 2). 
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TABLE 2. Mean time taken for females to reach a speaker in 
the phonotaxis experiments involving variation in levels of 
sound intensity, phrase length and phrase overlap. 
Experiment Experiment Time 
Number (sec.) 
Leader vs Follower 3 11.25 
Loud/Leader vs Soft/Follower 6 9.57 
Loud/Follower vs Soft/Leader 7 8.12 
Long vs Short 2 8.10 
Loud/Short vs Soft/Long 5 5.18 
Loud vs Soft 1 5.10 
Short/leader vs Long/Follower 9 4.88 
Loud/Long vs Soft/Short 4 4.80 
Long/Leader vs Short/Follower 8 4.41 
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Four of the experiments in which females demonstrated 
significant phonotactic discrimination played calls having 
long phrases against calls having short phrases. In all of 
these experiments (2, 4, 8, and 9), females ticked more 
frequently during the calls having longer phrases, however, 
in experiment 4, the difference was not significant (p < 
0.12) (Table 3). Females also ticked more often during 
calls comprised of phrases with fast phonatome rates. 
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TABLE 3. Numbers of females acoustically responding most 
often to the more popular call and the less popular call 
during experiments in which females demonstrated significant 
phonotactic discrimination. 
Experiment More Popular Less Popular P 
1. Loud vs 8 8 ns^ 
Soft 
2. Long phrase vs 14 4 05 
Short phrase 
3. Leader vs 11 7 ns 
Follower 
4. Loud/Long vs 12 6 ns 
Soft/Short 
6. Loud/Leader vs 5 11 ns 
Soft/Follower 
8. Long/Leader vs 16 l .01 
Short/Follower 
9. Long/Follower vs 18 0 .01 
Short/Leader 
11. Phrase Beginning vs 12 5 .08 
Phrase end 
12. Fast Phon. Rate vs 10 2 .05 
Slow Phon. Rate 
Ip > 0.10 
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DISCUSSION 
Females move toward computer-generated calls that were 
louder, contained longer phrases and contained phrases that 
did not overlap the ends of accompanying phrases (leader 
calls). Our previous studies demonstrated the importance of 
these three acoustic parameters in male mating success 
(Galliart and Shaw 1991) and both sound intensity and phrase 
length in female phonotaxis (Galliart and Shaw 1992). As 
was expected, when combinations of these parameters where 
presented to females, any call which contained high levels 
of any two of these parameters were preferred by females 
(experiments 4, 6, and 8). However, we had no a priori 
expectations about female phonotactic preference when the 
preferred parameters were played against each other as in 
experiments 5, 7, and 9. 
In experiment 5, ten females moved to the call that was 
loud but comprised of short phrases and ten females moved to 
the call that was soft yet comprised of long phrases. 
However, whereas a 5 dB difference in sound intensity 
between two calls would often occur in the field, our 
previous study (Shaw et al. 1990) reported a mean chorusing 
phrase length at 24-250c of 3.861 (S.E. = 0.436). Clearly, 
a continual two second difference between males in phrase 
length would be exceptionally rare. We believe the finding 
that females still move just as often to the louder call 
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even when it is presented against a call that contains 
drastically longer phrases indicates that sound intensity is 
more important than phrase length in eliciting female 
phonotaxis. Experiment 1, in which females were choosing 
between a 70 dB phrase and a 75 dB phrase also had a shorter 
female response time than experiment 2, in which females 
were choosing between the two phrases of different length. 
In experiment 7, more females moved toward the louder 
call, comprised of only follower type phrases, than to the 
softer call comprised of only leader phrases; however, the 
difference in the number of females was not significant. In 
experiment 9, all 20 females moved to the call that was 
comprised of only long, follower phrases. This finding 
demonstrates that the two-second phrase length difference 
was more important than the leader-follower acoustic 
interaction difference. Therefore, it appears that, of the 
three acoustic parameters involved in parvipennis 
phonotaxis, sound intensity is most important, followed by 
phrase length and then the leader-follower acoustic 
interaction. However, given that the phrase length 
difference was so drastic, it is impossible to say with 
certainty that phrase length is more important than the 
acoustic interaction. 
We had expected that experiments which presented 
females with high levels of two preferred parameters at one 
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speaker would elicit the shortest phonotaxis response time. 
However, the results of our study do not agree with this 
prediction. As shown in Table 3, the two experiments (#s 4 
and 8) with the shortest response time both presented high 
levels of two preferred parameters at one speaker; however, 
so did the experiment (# 6) which took on average the second 
greatest amount of time. Furthermore, the experiments which 
we expected to show the longest response time did not. For 
example, the experiment (# 9) with the third shortest 
response involved single yet different preferred parameters 
in each speaker. 
The female response times do serve to help support our 
proposed hierarchy. When considering only experiments 1-3, 
experiment 1 (loud vs. soft) showed the shortest female 
response time followed by experiment 2 (long vs. short) and 
then experiment 3 (leader vs. follower). However, only 
experiments 1 and 3 have significantly different response 
times. 
Contrary to the findings of our previous study 
(Galliart and Shaw 1992), females in experiment 10 did not 
preferentially move toward calls containing phrases that 
overlapped the phrases from the accompanying call for a 
shorter amount of time than vice-versa. However, this 
finding was not unexpected. We had reported in our previous 
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study our reasons for believing that this result may have 
been a type II statistical error. 
Females did move more often toward calls comprised of 
phrase beginnings than phrase endings in experiment 11, and 
toward calls containing phrases with faster phonatome rates 
in experiment 12. As reported by Smith (1986) the portion 
of a males phrase during which phonatomes are produced at 
the fastest rate is found within the first 2-2.5 seconds of 
the phrase. Therefore, if females prefer phrases with 
faster phonatome rates it would follow that females would 
prefer phrase beginnings over phrase endings. We believe 
that this is also the reason why females prefer leaders in 
the acoustic interaction over followers. Leaders in the 
acoustic interaction may be males which are more successful 
in the competition to produce the beginning, and apparently 
most attractive, portion of their phrase unobscurred by 
phrase overlap. Our observations of female movement during 
phonotaxis lead us to believe that this portion of the 
male's phrase is what the females track when determining 
direction of movement (given that all other acoustic 
parameters are equal). Therefore, the leader follower 
acoustic interaction between males is likely a form of male 
competition for females. 
While performing our previous male mating success and 
female phonotaxis studies we found no relationship between 
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male phonatome rate and either male mating success or female 
phonotaxis. Apparently, under more natural circumstances, 
females do not discriminate between males on the basis of 
phonatome rate. It is possible that females moved to the 
faster phonatome rate in experiment 12 because that rate was 
more similar to the mean phonatome rate for the species. 
In experiment 13, females did not discriminate between 
the call containing phrases which contained the normal 
changes in phonatome rate and the call containing phrases 
with the same yet constant peak phonatome rate. Apparently, 
the changes in phonatome rate that occur within a phrase are 
not required for species identification purposes. 
In four of the experiments in which females 
demonstrated significant phonotactic discrimination, calls 
comprised of long phrases were played against calls 
comprised of short phrases (experiments 2, 4, 8 and 9). In 
three of these experiments females ticked disproportionately 
more often (greater than two times more often) during the 
calls with the longer phrases. Females did not tick more 
often during louder calls or during leader type calls. We 
believe that this may represent an example of female choice. 
Whereas females are attracted to loud calls and leader 
calls, the values of these call parameters may be the result 
of male competition. In the field, male sound intensity is 
often influenced by a male's choice of singing site, which 
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has been shown in several species to be determined by male 
competition. We believe that the acoustic interaction 
between males is also the result of male competition. A. 
taarvipennis males increase phrase overlap in the presence of 
a ticking female and this may be a byproduct of the 
competition between males to lead in the acoustic 
interaction. Males do not increase their phrase length in 
the presence of a ticking female. However, phrase length is 
quite variable and males do occasionally produce very long 
phrases (20-30 s) when a rival male stops singing. So, 
although females may be choosing males on the basis of 
phrase length, phrase length may still play a role in male 
competition. By moving toward males with longer phrases 
females may be soliciting the more vigorous male, i.e., the 
male expending more energy per unit time (Greenfield and 
Shaw 1983). 
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PAPER 4. THE EFFECT OF INTERMALE DISTANCE AND FEMALE 
PRESENCE ON THE NATURE OF CHORUSING BY PAIRED 
AMBLYCORYPHA PARVIPENNIS (ORTHOPTERA: 
TETTIGONIIDAE) MALES. 
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ABSTRACT 
Pairs of chorusing Amblvcorvpha parvipennis Stâl males 
alternate the production of 3-5 s long phrases with frequent 
partial overlap of phrases. To determine the effect of 
intermale distance and the presence of a sexually receptive, 
sound-producing ("ticking") female on the nature of paired 
male chorusing, pairs of males were recorded, with and 
without the presence of a ticking female placed midway 
between the caged males, chorusing 3.3 m and 40 cm apart. 
The presence of a ticking female elicited a shortening of 
intervals between phrases (increase in phrase rate) and an 
increase in the extent of phrase overlap. In contrast, 
shortening the distance between males in the absence of a 
ticking female resulted in the lengthening of phrase 
interval (decrease in phrase rate) and a reduction in phrase 
overlap. Possible proximate and ultimate causes of these 
chorusing changes are discussed. 
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INTRODUCTION 
Available evidence suggests that both inter- and 
intrasexual selection are important in the evolution of 
chorusing between and among male singing Orthoptera (see 
reviews by Alexander 1975, Otte 1977, Greenfield and Shaw 
1983, Greenfield 1990). Male competition for females is 
expressed in uniform spacing of singing males resulting from 
movements away from and/or towards the songs of adjacent 
males (Campbell and Shipp 1979, Thiele and Bailey 1980, 
Bailey and Thiele 1983, Latimer and Schatral 1986, Latimer 
and Sippell 1987). Associated with spacing dynamics, 
singing Orthopteran males may alter their songs when another 
singing conspecific male moves closer (Alexander 1957, 1961; 
Feaver 1977; Otte 1977, Meixner and Shaw 1986, Shaw 1968). 
If the function of uniform spacing is to reduce male 
competition for females, then a reduction in distance 
between neighboring males should represent an increased 
threat to both males' abilities to acquire mates. An 
obvious reaction to such a threat would be to increase 
energy output by increasing sound output and/or entering 
into physical combat. Males of many field cricket species 
may increase length of chirps, reduce intervals between 
chirps and/or increase sound level of chirps (Alexander 
1957, 1961). This also is true of males of at least some 
species of the pseudophylline katydid, Pterophvlla (Shaw 
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1968, Shaw and Galliart 1987, Barrientos 1988). Males of 
several species of the conocephaline genus, Orchelimum. 
increase the rate length, and/or intensity of the "tick" 
component of their calling sounds when a conspecific 
intruder approaches (Feaver 1977). 
In contrast, a study utilizing males of the Australian 
conocephaline katydid Mycralotpsis marki Bailey suggests that 
males of this species may reduce the number of pulses/chirp 
and reduce phrase rate by increasing intervals between 
phrases in response to a reduction in distance between 
neighboring males. Reduction in distance between an 
apparent intruder and a territorial male was simulated by 
increasing the sound level of playbacks of a M. marki male 
song and recording the response of territorial males in the 
field (Dadour 1989). 
Since, in most species of singing Orthoptera, females 
move toward males that are 1 m or more from other singing 
males, male acoustic interaction in competition over a 
nearby female is seldom seen. Such encounters have been 
reported between cricket males in terraria (e.g., Alexander 
1961, Burke 1983), but there has been no report that the 
nature of sounds or the acoustic interaction differs from 
that when a female is present. In species of the subfamily 
Phaneropterinae, females produce simple sounds in response 
to male calls and the males move to the female (Spooner 
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1968). This method of bringing the sexes together should 
increase the opportunity for male-male acoustic interaction 
at close range. Although Spooner (1968) indicates that 
phaneropterine males sing differently in groups than in 
isolation, we know of no investigation of the effect of 
change in intermale distance or the presence of a female on 
the nature of acoustic interaction of males in any species 
of this subfamily. 
The phaneropterine katydid, Amblvcorvpha parvipennis 
Stâl is unique among chorusing Orthoptera in that males 
alternate overlapped phrases and, where phrases overlap, 
phrase subunits (phonatomes) are synchronized (Shaw et al., 
1990) (Fig. 1). This study asks whether the nature of sound 
production and acoustic interaction of paired males are 
affected by moving the males closer together in the absence 
and presence of a sound-producing female. 
Figure 1. Oscillographs of chorusing by paired A. parvipennis males. 
A - the initial part of the phrase of each male overlaps 
the latter part of the phrase of the other male. B - in 
this selection, katydid 2 overlaps katydid 1 but 1 does 
not overlap 2. a - indicates the time that the phrase of 
1 overlaps the phrase of 2. b - indicates the time that 
the phrase of 2 overlaps the phrase of 1. 
-a- PHRASE 
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MATERIALS AND METHODS 
Subjects and Housing 
A. parvipennis males and females were collected at 
night using flashlights during June and July, 1986-1989. 
Most virgin females were collected during the first week of 
singing. Males were collected as needed throughout the 
testing period. Specimens were marked with fingernail 
polish. Males were isolated in 10x10x17 cm wire screen 
cages and females were housed together in 34x34x31 cm wire 
screen and wood cages. The insects were housed in a 
laboratory maintained on a 14L;10D light schedule at 24-
25°C. The insects were fed leaves of horsemint (Mentha 
loncfifolia (L. ) ) or wild grape (Vitis sp.), and water was 
provided in cotton-capped vials. 
The Effect of Intermale Distance and Female 
Presence on Paired Male Chorusing 
In order to investigate the effect of intermale 
distance and female presence on male chorusing, we compared 
10 min recordings of paired males singing under four 
different conditions: l) two caged males 3.3 m apart, 2) 
males 40 cm apart, 3) males 3.3 m apart with a sexually 
receptive (ticking) female placed midway between the two 
males, and 4) males 40 cm apart with a ticking female midway 
between the males. The recordings were made using two 
unidirectional dynamic microphones (GC Electronics, #30-
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2374) , each placed 6 cm from the cage of a singing male, and 
a Sony TC-6300, 2-channel tape recorder. The temporal 
parameters of each male's song and the song phrase phase 
relationships of pairs of chorusing males were determined 
using a Commodore 128 computer in conjunction with a 
computer interface and software designed for this analysis. 
The data used in this paper are taken from studies 
originally designed to determine which acoustic and other 
factors affect mating success and male competition. Data 
for conditions 1) and 3) were taken from 57 two-choice 
discrimination trials run in 1986 and 1987. In these trials 
males were recorded chorusing 3.3 m apart in the absence of 
a female and with a ticking female placed midway between the 
two caged males. After the recordings, the males and female 
were released in order to determine which male eventually 
mated with the female (Galliart and Shaw, submitted). In 
1988, we obtained data for conditions 1) and 2) during male 
competition trials. In 22 trials, males were recorded 
chorusing at 3.3 m and 40 cm prior to release from the cages 
to determine which male stayed and which left the immediate 
area (unpublished data). In 1989, we returned to two-choice 
discrimination trials during which we obtained data for 
conditions 1), 3) and 4). These 33 trials were the same as 
in 1986 and 1987 except that pairs of males were recorded at 
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40 cm apart following a recording at 3.3 m and then released 
(unpublished data). 
Data Analysis 
Because of the difficulty in collecting specimens, 
especially females, males and females were used in more than 
one trial. Males were used in up to three different trials 
(85% males used once, 10% used twice, 5% used three times); 
however, reused males were never matched with the same male 
twice. Females were used up to five times but, unlike two-
choice discrimination tests, using females more than once as 
a source of ticking sounds should have little effect on the 
results analyzed in this paper. 
The 10-min. segments of paired males chorusing under 
each condition were examined in relation to temporal sound 
parameters (phrase number, phrase length, phrase interval, 
phrase period [phrase length + phrase interval], total sound 
produced in 10 min [phrase number x phrase length]) and 
nature of phrase overlap (number of phrase overlaps, mean 
overlap time and total overlap in 10 min [ number of phrases 
overlapped x mean time of overlap]). Phrase overlap for 
each katydid was measured from the time that a katydid 
initiated its phrase during the phrase of another katydid 
until the other katydid terminated its phrase (Fig. 1). 
Phrase overlap does not include the latter portion of a 
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katydid's phrase that is overlapped by the initiation of the 
other katydid's phrase. 
In order to combine data from different years and 
compare data across years, we performed an analysis of 
combined experiments (Cochran and Cox 1957) in which each 
year was considered a different experiment (see Table 1 for 
example). The four conditions were considered the 
treatments. The treatments were regarded as a factorial 
combination of the factors of intermale distance and 
presence or absence of a female. The response variables are 
the acoustic parameters listed above. This analysis allowed 
us to look at the main effect of female presence, the main 
effect of distance and the interaction between these two 
factors. When the interaction between female presence and 
distance was significant, least square means for the 
appropriate singing categories were compared using two-
tailed Student's t-tests. Least square means were used to 
adjust means for differences among years and to enable 
comparison of chorusing at 40 cm in the absence and presence 
of a female, two conditions which were recorded during 
different years. 
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Table 1. Use of analysis of combined experiments to analyze 
the effect of intermale distance and female presence on the 
phrase intervals of paired chorusing males. 
Source df Mean Square P > F 
Year 3 
Intermale Distance 1 
Female Presence 1 
Distance*Female 1 
Error 2 
0.12306 
0.04079 
0.64659 
0.12681 
0.00027 
0.0022 
0 . 0 0 6 6  
0.0004 
0.0021 
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RESULTS 
The presence of a female had an excitatory effect on 
male singing behavior; following introduction of a ticking 
female, males increased their phrase rate. At both 
intermale chorusing distances, the phrase period (reciprocal 
of phrase rate) was less when a ticking female was present 
(Fig. 2; F = 68.73; df = 1,2; p = 0.014). The reduction in 
phrase period was a result of a shortening of phrase 
interval (Fig. 3; F = 118.38; df = 1,2; p = 0.008). 
The effect on the nature of chorusing of moving males 
closer together was contingent upon female presence. There 
was a significant interaction between intermale distance and 
female presence for phrase interval (Fig. 3; F = 56.92; df = 
1,2; p = 0.017) and the interaction for phrase period 
approached significance (Fig. 2; F = 15.17; df = 1,2; 
p = 0.060). In the absence of a female, the effect of 
moving chorusing males closer together was opposite to that 
of female presence, i.e., there was an inhibitory effect 
expressed as a reduction in phrase rate. Both mean phrase 
period (Fig. 2) and interval (Fig. 3) increased 
significantly when intermale distance was reduced from 3.3 m 
to 40 cm. The presence of a ticking female not only 
elicited an increase in phrase rate of the chorusing males, 
it eliminated the effect of distance reduction between 
chorusing males (Figs. 2, 3). 
Figure 2. The effect of intermale distance and female 
presence on the phrase periods of pairs of 
chorusing parvipennis males. Males were 
recorded in the absence (solid line) and presence 
(dotted line) of a ticking female. P values from 
Student's t-tests. 
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Figure 3. The effect of intermale distance and female 
presence on the phrase intervals of pairs of 
chorusing A. parvipennis males. Remainder as in 
Fig. 2 partner. 
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Female presence and the reduction in intermale distance also 
affected the degree of phrase overlap by chorusing males. 
The presence of a female resulted in an increase in mean 
phrase overlap (Fig. 4; F = 2371.61; df = 1,2; p = 0.0004) 
and total overlap (Fig. 5; F = 45.65; df = 1,2; p = 0.021) 
at both intermale distances. As for phrase rate, decreasing 
the distance between chorusing males in the absence of a 
female had effects opposite to that of introducing a female. 
There was a significant interaction between female presence 
and intermale distance for both phrase overlap (Fig. 4; F = 
4 65.13; df = 1,2; p = 0.002) and total overlap (Fig. 5; F = 
18.74; df = 1,2; p = 0.049). When males were moved closer 
together in the absence of a female, there was a decrease in 
both mean (Fig. 4) and total (Fig. 5) phrase overlap; 
however, the latter difference was not statistically 
significant. As in the case of phrase rate, the presence of 
a female eliminated (Fig. 5) and even reversed (Fig. 4) the 
effect of reducing distance in the absence of a female. 
Figure 4. The effect of intermale distance and female 
presence on the extent to which a pair of 
parvipennis males, after phrase initiation, 
overlapped the phrases of a chorusing partner. 
Remainder as in Fig. 2. 
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Figure 5. The effect of intermale distance and female 
presence on the total period of time (number of 
phrases produced in 10 min x mean phrase overlap) 
that a pair of parvipennis males overlapped one 
another's phrases. Remainder as in Fig. 2. 
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DISCUSSION 
In analyzing the nature of chorusing by pairs of 
katydid males, several investigators have provided evidence 
that alternation is the result of one male being inhibited 
during the phrase of another male (Jones 1966, Shaw 1968, 
Samways 1976, Latimer 1981). Because the phrase intervals 
of A. parvipennis males are longer during acoustic 
interaction than when males sing alone, Shaw et al. (1990) 
suggested that alternation of overlapped phrases results 
from one male being inhibited for some period during the 
song phrase of another katydid. Smith (1986) showed that 
electronically produced imitations falling between an A. 
parvipennis male's phrases increased phrase interval when 
compared to males singing alone or when imitations occurred 
during a male's phrases. Moving two A. parvipennis males 
closer together than 3.3 m appeared to enhance inhibition, 
i.e., increased phrase interval was associated with reduced 
phrase overlap, the latter resulting in more of the phrase 
of one katydid falling in the phrase interval of the other 
katydid. This increased inhibitory effect could have been 
the result of the increased intensity with which one katydid 
heard the sound phrases of the other. 
Spooner's (1968) analysis of male-female and male-male 
acoustic interaction of a number of phaneropterine species 
suggests that inhibition may not be uncommon in the acoustic 
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interaction of conspecific males. In congregations of 
Inscudderia striqata (Scudder) and Amblvcorvpha floridana 
Rehn and Hebard males, phrases (lisps or buzzes) produced by 
one male or a playback, resulted in a cessation of phrases 
by other males. 
If acoustic interaction is involved in spacing 
dynamics, and if reduction in distance between two 
conspecific males increases the competition between the 
males, why would males reduce rate of sound output under the 
latter conditions? If, as Dadour (1989) suggests for M. 
marki males, increasing phrase interval between phrases 
enhances a male's ability to monitor an intruder (and, I 
assume, an intruder's ability to monitor a resident), then 
an increase in phrase interval, as well as a reduction of 
phrase overlap, by A. parvinennis males may facilitate the 
decision as to which male leaves the area of confrontation. 
This reduction in rate of sound output is contrasted to 
an increase in rate of sound output evidenced when chorusing 
males were exposed to a ticking female (Fig. 2). The 
presence of a female also negated the effect of reduction in 
distance. Thus, the importance of competing for a sexually 
receptive female completely superseded the effect of male-
male competition in the absence of a female. 
In addition to increasing phrase rate in the presence 
of a ticking female, males increased phrase overlap. This 
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phenomenon, which has been discussed in detail previously 
(Galliart and Shaw, submitted), will only be summarized 
here. In the data utilized in this study to compare the 
nature of chorusing of male pairs in the absence and 
presence of a female, the male that usually succeeded in 
copulating with the female (the winner), overlapped the 
phrases of the other male (the loser) less than vice-versa 
(e.g., Fig. IB). In fact, the total number of phrases 
overlapped for both katydids decreased in the presence of a 
female, but the decrease was principally due to a decrease 
on the part of the winner (Galliart and Shaw, submitted). 
Thus, although the number of phrases overlapped decreased, 
the mean length of phrase overlap increased suggesting that 
this increase is a byproduct of males adjusting their phrase 
rates in an attempt to reduce the number of phrases they 
overlap. A preliminary analysis of three paired 
interactions has indicated that a male's extent of phrase 
overlap is greater when his chorusing partner does not 
overlap the male's previous phrase than when the chorusing 
partner does overlap it (unpublished data) (e.g., compare 
extent of phrase overlap by katydid 2 in Figs. 14 and 18). 
The question remains as to why males of some species 
increase sound output and others decrease it when distance 
between singing males is decreased. A number of factors 
could be involved. The importance of specific singing sites 
147 
may determine the degree of energy expended. Field crickets 
occupy a burrow or equivalent which they defend and which 
may be important to success in mating with a female. In 
Orchelimum spp., the position within a resource patch may be 
important in controlling female access to the patch (Feaver 
1977, 1983) . In contrast, in other species, specific areas 
may be important because of an increased chance of 
encountering females, but occupation of specific sites 
within these areas may not be important. For example, in A. 
parvipennis. male and female density is related to density 
of preferred host plant (Shaw et al. 1981). However, 
because females tick in response to male sounds and two or 
more males may move to a ticking female, specific sites 
within a resource patch may not be important to defend. 
Also, a mechanism of intermale communication which 
involves a reduction in energy output in the absence of a 
female may be favored by selection in order that energy is 
conserved for male-male and male-female competitive 
communication in the presence of a sexually receptive 
female. In the presence of a ticking female, A. parvipennis 
males encounter one another physically and acoustically and 
male-male and male-female encounters may last for many 
hours. During one night's observation, we intermittently 
observed three females, each being courted by 4-5 males, 
between 10 P.M. and 12 midnight and lasting until dawn. 
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None of the females mated (Shaw et al., unpublished 
observations) before dawn. In the laboratory, we have run 
114 mate choice trials with two males and one virgin female 
and in 24 of these trials, copulation had not occurred in 
the 4-hour limit given to the trials. During the mate 
choice trials, males lost up to 12% of their body weight 
(Galliart and Shaw, unpublished observations). 
With the emphasis on male-male and male-female 
strategies and the application of game and economic theory 
to an understanding of animal reproductive behavior, (Krebs 
and Davies 1984; Maynard Smith 1989) changes in acoustic 
interaction of conspecific males with change in intermale 
distance and presence or absence of females should be of 
special interest to animal behaviorists. The ease with 
which sounds can be recorded and analyzed make such analyses 
relatively easy. In some species, quantitative and/or 
qualitative changes, termed aggressive and courtship 
(Alexander 1967, Otte 1977) are obvious. This and Dadour's 
(1989) study have shown that interesting and significant 
changes in calling songs, which may not be obvious to the 
unaided ear, may be taking place in many species not 
characterized by the production of obvious aggressive and 
courtship songs. 
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MALE COMPETITION FOR SINGING SITES 
Materials and Methods 
I performed experiments in order to determine if any 
male physical or acoustic characteristics predict a male's 
ability to hold a calling site. Males were collected from a 
prairie behind Ames high school, Ames, Iowa at night during 
June and July in 1988 and 1990. Males were housed in 
10x10x17 cm wire screen cages which were placed around the 
laboratory which was maintained on a 14L: lOD photoperiod . 
The insects were fed leaves of horsemint (Mentha lonqifolia^ 
and wild grape (Vitus sp.) daily and water was provided in 
cotton-capped vials. 
Trials were performed during which a pair of singing 
males was placed in an acoustic chamber 3.3 m apart at the 
ends of three laboratory tables placed end to end. Sound 
intensity measurements were taken at frequency bands 
centered at 8 and 16 kHz using a Bruel and Kjaer (B&K), type 
2203, precision sound level meter in conjunction with a B&K, 
type 1613, octave filter set. A 10 min recording of the 
chorusing males was made. Following this recording the 
males were moved toward the center of the tables, 40 cm 
apart, and recorded for another 10 minutes. The male's 
cages were then opened, and the males were observed while 
being allowed to interact freely. Physical interactions 
were noted and the trials were terminated when one of the 
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males left the area by either walking to the edge of the 
tables or by jumping off the tables. The males were then 
weighed. Both sound recordings were made using two 
unidirectional dynamic microphones (GC electronics, #30-
2374) each placed next to the cage of a male, and a Sony TC-
6300, two channel tape recorder. The temporal parameters of 
each male's song and the song phrase phase relationships 
were determined using a Commodore 128 computer in 
conjunction with a computer interface and software designed 
for this type of analysis. 
Thirty trials were performed, 21 in 1988 and 9 in 1990, 
and a different pair of males was used in each trial. The 
weights and sound intensity levels of males which stayed at 
the singing site (winners) and males which left the area 
(losers) were compared using one-tailed t-tests. We had 
predicted that winner males would be heavier and louder than 
loser males. These comparisons were performed on the 
complete set of 30 trials and on a subset of the 30 trials 
consisting of 19 trials during which the males did not 
physically encounter one another. 
The 10 minute segments of paired male chorusing while 
3.3 m apart and 40 cm apart were examined in relation to 
temporal sound parameters (phrase number, mean phrase 
length, mean phrase interval, mean phrase period [phrase 
length + phrase interval], total sound produced in 10 
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minutes [phrase number x phrase length]) and the nature of 
phrase overlap (number of phrases overlapped, mean phrase 
overlap and total phrase overlap in 10 minutes [number of 
phrases overlapped x mean phrase overlap]). Phrase overlap 
for each katydid was measured from the time a katydid 
initiated its phrase during the phrase of another katydid 
until the other katydid terminated its phrase. Phrase 
overlap does not include the latter portion of a katydid's 
phrase that is overlapped by the initiation of the other 
katydid's phrase. 
In order to combine data from different years, we 
performed an analysis of combined experiments on the above 
acoustic parameters (Cochran and Cox 1957)(see Table 1 for 
example). This analysis allowed us to examine differences 
between winners and losers (male success), the effect of 
distance between males and any interaction between these 
factors. 
Results 
Winners were neither heavier nor significantly louder 
than losers (Table 2). When the 19 trials during which the 
males did not encounter one another physically were 
examined, the differences in sound intensity between winners 
and losers approached significance, with winners being 
slightly louder than losers (Table 3). 
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Of the acoustic parameters examined, only two were 
different between winners and losers at levels approaching 
significance. Winners produced fewer phrases in 10 minutes 
than losers (x + S.D. - Winners; 62.55 ± 11.04, Losers: 
65.20 + 11.33, F=4.16, P<0.0509) and had longer phrase 
periods (Winners: 9.39 ± 1.18, Losers: 9.03 ± 0.78, 
F=3.33, P<0.0788). 
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Table 1. Sample table of the combined experiments analysis 
of Variance. 
Source of variation df 
Year 1 
Trial (Year) 30 
Male success (winner / loser) 1 
Year*Male success 1 
Male success*Trial (Year) 30 
Distance apart (3.3 m / 40 cm) 1 
Distance*Male success 1 
Distance*Year 1 
Distance*Male success*Year 1 
Error 56 
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Table 2. Weight and sound intensity means for winners and 
losers in the male competition experiment. 
Parameter Winner Loser 
Weight (g) 0.783 0.838 
S. I. - 8 kHzl (dB) 73.29 74.58 
S. I. - 16 kHz2 (dB) 71.88 72.00 
^ Sound intensity at frequency band centered at 8 kHz. 
2 Sound intensity at frequency band centered at 16 kHz. 
Table 3. Weight and sound intensity means for winners and 
losers in the 19 trials during which the males did not 
physically encounter one another. 
Parameter Winner Loser P>T 
Weight (g) 0.710 0.746 ns 
S. I. - 8 kHz (dB)l 71.68 71.45 ns 
S. I. - 16 kHz (dB)2 72.50 71.05 0.0869 
^ Sound intensity at frequency band centered at 8 kHz. 
2 Sound intensity at frequency band centered at 16 kHz. 
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MALE MATE CHOICE 
Materials and Methods 
We made some simple observations in order to determine 
if males would exercise mate choice when placed with two 
receptive females. A single caged singing male was placed 
in an acoustic chamber. Two receptive females were chosen, 
weighed and placed in cages on opposite sides of the singing 
male. The katydids were allowed to interact acoustically 
for 10 minutes and then all three were released. The 
initial physical interactions were observed and further 
observations were made every half hour until mating 
occurred. 18 trials were performed, 14 in 1990 and 4 in 
1991. 
Results 
Males did not appear to exercise mate choice at all. 
Each male attempted to mate with the first female 
encountered. Females that mated were neither heavier nor 
behaved differently in any noticeable manner. On no 
occasion did I observe females competing physically for 
access to the male and similar to previous observations of 
females interacting with two males, females were reluctant 
to engage genitalia with the male. In the majority of the 
trials, at least an hour would pass before the male achieved 
copulation. 
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MALE SINGING PERSISTENCE 
Materials and Methods 
On 12 different evenings from 5 July 1991 until 31 July 
1991 I recorded males singing for 7 continuous hours in 
order to determine what percent of such a long time period 
males would sing and to see if male weight and/or sound 
intensity were related to the percent time spent singing 
during the 7 hours. Males were collected from a prairie 
behind Ames high school, Ames, Iowa at night during June and 
July in 1991. Males were housed in 10x10x17 cm wire screen 
cages which were placed around the laboratory which was 
maintained on a 14L; lOD light regime. The insects were fed 
leaves of horsemint and wild grape daily and water was 
provided in cotton-capped vials. 
On each of the 12 evenings four singing males were 
chosen, weighed and placed at the ends of five laboratory 
tables arranged in the shape of an X. Males directly across 
from one another were 3.3 m apart. Sound intensity 
measurements were taken for each male at frequency bands 
centered at 16 kHz using a Bruel and Kjaer (B&K), type 2203, 
precision sound level meter in conjunction with a B&K, type 
1613, octave filter set. The 7 hour recording was made 
using 4 unidirectional dynamic microphones (GC electronics, 
#30-2374) each placed next to the cage of a male, and a 
physiograph chart recorder. The beginning of each recording 
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coincided with the onset of the males 10 hour dark cycle. 
The following morning, approximately 13 hours after the 
start of the recording, the males were reweighed. Due to 
problems with the chart recorder fewer than four males were 
recorded on many evenings although four singing males were 
in the acoustic chamber during each recording. A total of 
37 males were recorded and the percent time of the 7 hours 
spent singing was calculated for each male. 
Results 
Male weight both before and after the 7-hour recording 
was correlated with the percent time spent singing (initial 
weight vs. percent time singing; r=0.461, p<0.0041, final 
weight vs. percent time singing: r=0.527, p<0.0008). The 
mean percent time spent singing over the 7 hours was 80.0% 
with 16 of the males singing 100% of the time. Males also 
lost a mean of 7.8% of their initial body weight over the 13 
hours between weighings. 
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GENERAL DISCUSSION 
The major function of the acoustic signals of A. 
parvipennis is to attract receptive females. However, 
within a chorus the acoustic signals also likely influence 
intermale distance. Shaw et al. (1981) reported uniform 
spacing within choruses for A. parvipennis. The uniform 
spacing is probably maintained by calling males being 
attracted to the conspecific call until it reaches some 
critical sound intensity level and then being repelled by 
the call (Bailey and Theile 1983). This would allow males 
to remain singing within a chorus and monitor the sounds of 
competitors while generally avoiding physical combat. Shaw 
et al. (1981) reported that fighting in A. parvipennis was 
rare and, as reported in this dissertation, even when pairs 
of singing males were moved to 40 cm apart in the male 
competition experiment, fighting occurred in only 36% of the 
trials. In the field, a pair of males would seldom get this 
close together unless they were each approaching the same 
female. 
The nature of chorusing does, however, change when 
males get this close to one another. Pairs of A. 
parvipennis males produce phrases at slower rates when 40 cm 
apart than when 3.3 m apart. This reduction in phrase rate 
is due to an increase in phrase interval and is accompanied 
by a decrease in phrase overlap. This is likely the result 
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of each katydid being inhibited from singing during part of 
the other katydid's phrase. This inhibition may be the 
result of the increased sound intensity with which each 
katydid hears the phrases of his rival. Although the males 
in this case are producing phrases at a slower rate and 
overlapping each other's phrases less, excitation is evident 
in the fact that it is much more difficult to disturb the 
singing males when approaching them in the laboratory. 
Dadour (1989) reported a similar finding for the 
katydid Mvgalopsls marki. M. marki males increase 
interchirp interval in response to playbacks of loud 
conspecific calls. Dadour suggested that such an inhibitory 
response may serve to allow males to better monitor rival 
males. In contrast, many singing Orthoptera increase sound 
output in response to decreased interanimal distance 
(Alexander 1957, 1961; Shaw 1968; Feaver 1977; Shaw and 
Galliart 1987; Barrientos 1988). 
When A. parvipennis males are too close to one another 
in the field, one or both of the males would likely move 
away from the sounds of the rival. In each of the male 
competition trials, only one of the two males left the 
singing site and when the trials in which the males did not 
physically encounter one another were considered separately, 
males which retained the singing site tended to be louder 
than males which left. In the field, louder males may be 
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more successful in maintaining singing sites, possibly sites 
such as food plants utilized by females. It would be 
interesting to see if males in the field singing from lower 
quality sites, possibly on the periphery of the population, 
have lower sound intensity levels than males singing from 
high quality sites. The study on male competition, however, 
is weak in being a laboratory study in which males were 
assigned singing sites (cages) in a very artificial 
environment. 
The failure of this experiment to demonstrate a 
significant relationship between any acoustic factor and 
site retention as has been demonstrated for Pterophvlla 
camellifolia (Shaw 1968) and Neoconocephalus nebrascensis 
(Meixner and Shaw 1986), may be because A. parvipennis males 
move to ticking females. It may not be as important for 
males to maintain singing sites as it is in species in which 
only the females exhibit phonotaxis. Shaw et al. (1981) 
demonstrated that A. parvipennis males move an average of 12 
m in 24 hours. This much movement suggests a definite lack 
of singing site specificity. 
The presence of a ticking female has an excitatory 
effect on male singing. Males produce phrases at a faster 
rate and overlap the phrases of rival males for a greater 
amount of time in the presence of a ticking female. This 
must certainly be an example of intermale acoustic 
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competition and this competition may in part determine 
mating success. In 10 of the 24 trials performed as part of 
our mating success study, one of the two singing males did 
not attempt to approach the ticking female when released 
from his cage (Galliart and Shaw 1991). However, in this 
study we were unable to demonstrate that any chorusing 
parameter was related to males staying at their cages. 
Although, as mentioned previously, the male competition 
study indicates that sound intensity differences between 
males may be important in singing site retention. It is 
possible that these 10 males which did not leave their cages 
were outcompeted via sound intensity. In fact, the mean 
sound intensity difference between males which were 
successful in mating with the female and males which were 
not in the 10 mating success trials was greater than in the 
14 remaining trials, however, the difference was short of 
significance (one male does not approach female: successful 
male - unsuccessful male [S-U] 2.65 ± 5.07, n=10, both males 
approach female: S-U 0.89 ± 3.12, n=14, t=1.38, one-tailed 
test, p<0.10). 
Furthermore, in our mating success study, successful 
males tended to be leaders in the acoustic interaction in 
the presence of a female and followers in the acoustic 
interaction in the absence of a female. As will be 
discussed, this difference between successful and 
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unsuccessful males may be the result of male acoustic 
competition to elicit female phonotaxis. 
As was demonstrated in both phonotaxis studies, females 
move toward louder males. In doing so, females may be 
choosing more vigorous, higher quality males which can 
afford to expend the additional energy necessary for louder 
calls. In both our mating success studies (Galliart and 
Shaw 1991) and in paper 2 in this dissertation, sound 
intensity was found to be positively correlated to male 
weight. Male weight was also found to be correlated to 
spermatophore weight in our mating success study. By moving 
toward louder males, females may be soliciting heavier males 
and/or males capable of producing larger spermatophores. 
Furthermore, females which move toward louder signals may 
benefit in the field by moving to larger choruses which 
would in turn offer greater opportunities for comparing 
potential mates. 
Female preference for loud calls may be either active 
or passive. For example, if females move to louder calls 
simply because these males have outcompeted their rivals by 
producing more stimulating signals, females are passively 
attracted to the males. In passive attraction, selection is 
not operating on the female to cause her to choose between 
males but on the males to produce louder calls (Parker 
1983) . Unless one can show that females actually reject 
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males with less stimulating signals, females may be 
passively rather than actively choosing males. 
Females also move to males with longer phrases as 
demonstrated in both phonotaxis studies. Also, t-tests 
performed on data collected during our mating success study 
(Galliart and Shaw 1991) indicated that females mated more 
often with males that produced longer phrases in the absence 
of a female. The failure of the mating success study to 
demonstrate higher mating success for males which produced 
longer phrases in the presence of a female may be due to low 
variation in phrase length between males, or, as will be 
discussed, the confounding effect of male weight. 
The finding that females tick disproportionately more 
often during longer phrases and the finding that females 
tick more often during the phrases of males that they move 
toward serves as evidence for active female choice. The 
failure of paper 1 to demonstrate that the males that 
females ticked more often in response to were not producing 
longer phrases significantly more often may again be due to 
low variation in phrase length between males. In this study 
the differences between males in phrase length were 
certainly less than the constant two second phrase length 
difference presented to females during the phonotaxis to 
computer-generated signals experiments. Regardless, females 
are actively rejecting less preferred males via their 
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unequal phonoresponse and this rejection is at least in part 
determined by male phrase length. It may also be possible 
that the female's unequal phonoresponse may be used by 
singing males in determining whether to approach a female or 
to remain singing at the present site as occurred in the 10 
mating success trials (Galliart and Shaw 1991). 
Females also move toward leaders in the acoustic 
interaction. This was best demonstrated using computer-
generated signals. Using these signals, one channel was 
consistently the leader in the acoustic interaction. Live 
paired males would seldom exhibit this consistent of a 
relationship and females would be required to average 
acoustic interaction phenomena over time in order to use the 
leader-follower relationship as a basis for mate choice. It 
is possible that females simply move toward which ever male 
is leading while she is performing phonotaxis and that the 
males compete to lead in order to elicit female phonotaxis. 
The fact that males change phrase phase relationships when 
in the presence of a female supports this hypothesis. 
The phonotactic preference of females for leader males 
is likely due to the fact that females prefer the increased 
phonatome rate found at the beginning of a phrase. In 
support of this, females were shown to prefer phrase 
beginnings over phrase endings. I have ranked the acoustic 
interaction third in the hierarchy of signals related to 
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female phonotaxis, behind sound intensity and phrase length, 
because it was demonstrated in paper 2 that females move 
toward longer follower phases and because the absolute 
leader-follower difference presented to females in that 
study would be uncommon in the field. 
The mating success study also demonstrated that females 
mate with heavier males (Galliart and Shaw 1991). Females 
were observed repeatedly mounting both males in many of 
these trials and this repeated mounting may allow females to 
assess male weight. This assessment and rejection of 
smaller males may be an example of active female choice. 
Neither of the phonotaxis studies demonstrated that females 
moved toward heavier males, and it may be that male weight 
only comes into play as a parameter involved in mate choice 
when ticking females encounter more than one male. However, 
as demonstrated in the singing persistence study, heavier 
males sing a greater proportion of each evening and as 
reported in paper 1, heavier males are louder, so females 
are more likely to hear heavier males. Therefore, male 
weight may also ultimately play a role in male acoustic 
competition. In our mating success study, in which females 
often encountered both males, the effect of male weight 
probably confounded the effects of acoustic parameters 
related to female phonotaxis and, as previously mentioned, 
male weight is correlated to spermatophore weight and female 
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choosing large males may benefit by receiving larger 
spermatophores. 
If A. parvipennis females actually choose between males 
based on certain male characteristics and these 
characteristics are not related to some immediate benefit 
received by the female (only male weight is correlated to 
spermatophore weight and females do not preferentially use 
any resource which the male may defend), then females can be 
said to be choosing males based on the quality of their 
genes. A variety of theories for the evolution of female 
mate choice in such a system have been proposed (Fisher 
1958, Zahavi 1975, Trivers 1976, Engen 1985). These 
hypotheses are often referred to as 'good genes' models 
because the females considered are ultimately choosing among 
males on the basis of their genes. The sons of females who 
choose 'good genes' are expected to have high fitness. 
There are theoretical problems, however, with the 
maintenance of female choice based on the genetic quality of 
a male. 
Fisher (1958) proposed that the rate of fitness 
increase in a population is proportional to the additive 
genetic variance for fitness. Natural selection increases 
the frequency of alleles advantageous to reproduction and 
survival, simultaneously depleting the underlying additive 
genetic variation, by causing any favorably selected gene to 
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reach fixation or a frequency dependent equilibrium in a 
population in evolutionary time (Taylor and Williams 1982). 
With low or zero additive genetic variance, the rate of 
fitness increase drops and a father's fitness should have 
nearly zero predictive value for offspring fitness (Falconer 
1960). 
This creates a serious difficulty for the 'good genes' 
theory of female choice. Male traits that are preferred by 
females are important for the males reproductive success and 
should therefore have a low amount of variation. Especially 
if, as is often found, only a small fraction of males breed 
successfully (Borgia 1979). The mechanism underlying the 
'good genes' hypothesis can only produce a selective 
advantage if there is additive genetic variance in fitness 
such that a correlation exists between offspring fitness and 
the male trait on which choice is exerted (Maynard Smith 
1978). When there is depleted genetic variation, females 
discriminating between males will not receive a fitness 
advantage compared to females who mate at random (Cade 
1984) . 
However, natural populations do maintain the genetic 
variation necessary for the heritability of preferred male 
traits and the question of how this variation has been 
maintained has received extensive attention. 
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Taylor and Williams (1982) considered linkage 
disequilibrium to be the most likely source of genetic 
variation in natural populations and produced a model for 
the evolution of lek behavior that predicted that 
heritability of male traits could be maintained. 
Mutation may also be an important source of 
heritability of fitness, since all genes of functional 
significance must occasionally produce deleterious alleles 
by mutation. In a very elaborate model, Lande (1976) 
demonstrated that mutation and recombination in polygenic 
systems may alone maintain genetic variation even when there 
is strong stabilizing selection. 
Furthermore, predictions that additive genetic 
variation will be depleted under selection assume that 
selection operates at some constant level. This is 
generally untrue, with selection pressures fluctuating and 
possibly maintaining variation in characters by favoring 
different genotypes at different times or in different 
environments (Felsenstein 1976). Intensity and direction of 
selection may also vary because of population density and 
the frequency of competing phenotypes (Clarke 1979). 
Genetic variation may also be maintained by negative 
genetic correlations between different components of fitness 
(Hedrick 1988). For example, a male song bird with a 
genetically controlled calling rate that is attractive to 
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females may also be more conspicuous to predators or require 
a longer developmental time or have a shorter lifespan (Cade 
1975). 
A final group of mechanisms for the maintenance of 
genetic variation relies more directly on the female. 
Simply put, females might not always be able to mate with 
the preferred male. Their ability to monitor phenotypic 
traits and the availability and distribution of potential 
mates may lead to either mating 'errors' or at least 
suboptimal matings. When presented with many different 
signals (e.g. many simultaneously audible calls) mate choice 
may prove difficult for a female (Gerhardt 1982). Engen 
(1985) produced a model for the evolution and maintenance of 
female mating preferences in which the imperfect correlation 
between the mate a female prefers and the mate she actually 
chooses maintained sufficient additive genetic variance in 
the population. 
Furthermore, alternate male strategies (e.g. non-
preferred silent satellite males which intercept females on 
their way toward preferred males) may slow the impact of 
female choice and help maintain genetic variation in a 
population by allowing 'preferred genes' to remain 
unselected in the satellite portion of the population 
(Hedrick 1988). Less preferred males may also procure 
matings if the energy costs and prédation risks experienced 
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by the female while searching for or choosing among males 
limit the number of prospective mates she can choose from 
(Wilson and Hedrick 1982). 
Clearly there exists numerous methods by which female 
choice for male characters not related to immediate female 
benefit can be maintained in A. parvipennis. The lack of 
correlation between preferred parameters, the difficulty of 
choosing a mate in the midst of a chorus and the short 
breeding season in which females may choose males could all 
serve to allow for the necessary levels of additive genetic 
variation in preferred male traits. 
The fact that A. parvipennis males produce such large 
spermatophores caused me to wonder whether males upon 
encountering females would exercise mate choice. The answer 
to this is an emphatic no. My observations lead me to 
believe that, regardless of the spermatophore investment, 
males are willing to mate with any receptive female. In the 
field, the number of receptive females declines drastically 
in the week following female eclosion to adult. This may be 
the result of all newly receptive females finding mates 
within the first week of receptivity. The receptive females 
are a rare commodity following that week and many males may 
never encounter a single female as well as have the chance 
to choose between two. Clearly the cost of spermatophore 
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production does not outweigh the value of any receptive 
female. 
The mating system of parvipennis is clearly a 
complex one in which choices on the parts of both males and 
females are numerous. I have shown the importance of 
several acoustic parameters in the mating outcome in A. 
parvipennis and have also attempted to explain the roles 
played by these factors in female mate choice and male 
competition for females. As always, many new questions have 
been generated and further research into the mating systems 
of this or other acoustically interacting orthopterans would 
be invaluable. 
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